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ABSTRACT 
4 d i f f e r e n c e  of  op in ions  presumably r e l a t e d  t o  a pauc i ty  of 
c r i t i c a l  f i e l d  obse rva t ions  has  l ed  t o  a  p e r s i s t e n t  u n c e r t a i n t y  
regarding the  taxonomic s t a t u s  of t h e  Haleakala and Yauna Kza 
s i l ve r swords ,  Argyroxiphium sandwicense s.1. In  o rder  t o  a s s e s s  
- - 
t he  d i f f e r e n t i a t i o n  of t h e s e  s i l v e r s w o r d s ,  morphometric 
t echniques  were used t o  examine t h e  p a t t e r n  o f  v a r i a t i o n  of 4 5  
c h a r a c t e r s  between t h e  two popu la t i ons .  Also,  q u a l i t a t i v e  
f e a t u r e s  were eva lua t ed .  A framework f o r  a g r i o r i  comparisons 
between t h e  two popu la t i ons  of A. sandwicense was provided by 
inc lud ing  two a d d i t i o n a l  species- in  t h e  s t u d y ,  i .  e .  - 4. --- kauense 
and A .  v i r e s c e n s  v a r .  paludosa .  The F t e s t s  of one way a n a l y s i s  
- 
of va r i ance  i z i c a t e  t h a t  t h e  means of each of  18 c h a r a c t e r s  
d i f f e r  s i g n i f i c a n t l y  ( P  < 0 . 0 5 )  between t h e  two popu la t i ons  o f  A.  
- 
sandwicense. 
-- 
Based on t h e  presence of q u a n t i t a t i v e  
d i f f e r e n t i a t i o n  and geographica l  i s o l a t i o n  and t h e  near absence 
of q u a l i t a t i v e  d i f f e r e n t i a t i o n  between t h e  two popu la t i ons ,  i t  i s  
proposed t o  recoqnize  them a s  two d i f f e r e n t  s u b s ~ e c i s s :  A. 
- A. -
sandwicense s sp .  macrocephalum and A .  sandwicense s s p .  
- - .- 
sandwicense. 
Argyroxiphium v i r e s c e n s  v a r .  paludosa  and A .  kauense a r e  a s  
-- 
d i s t i n c t  from each o t h e r  a s  each i s  from A. sandwicense i n  many 
- -.-------- 
q u a n t i t a t i v e  and q u a l i t a t i v e  c h a r a c t e r s .  
The c o r r e l a t i o n  a n a l y s e s  of d i f f e r e n t  p a i r s  o f  c h a r a c t e r s  
show t h a t  t h e  more u s e f u l  c h a r a c t e r s  a r e :  i n f l o r e s c e n c e  
p ropor t i ons ,  l e a f  p r o p o r t i o n s ,  number of r ay  f l o r e t s  per  
capi tu lum,  and capitulum d iamete r .  I n d i v i d u a l s  of : i t he r  
subspec ies  can be recognized by t h e  p ropor t i on  of  t h e  
i n f l o r e s c e n c e .  However, t o  s e p a r a t e  a l l  four  t a x a ,  based on 
q u a n t i t a t i v e  c h a r a c t e r s ,  a t  l e a s t  t h r e e  of t he  foregoing f e a t u r e s  
a r e  needed. 
An a f f i n i t y  index based on t h e  number of  t imes  a g iven  
combination of popu la t i ons  e x h i b i t e d  a d j a c e n t  mean v a l u e s  f 3 r  t he  
v e g e t a t i v e  and i n f l o r e s c e n c e  c h a r a c t e r s  analyzed sugges t s  a 
l i n e a r  p a t t e r n  of r e l a t i o n s h i p s  a s  fo l lows :  A. v i r e s c e n s  v a r .  
aludosa-A. sandwicense s s p .  macrocephalurn-A. ----- sandwicense s s p .  
:andwicen~e-A. - -- kauense. However, t h e  capitulGm c h a r a c t e r s  d o  not  
suppor t  t h i s  p a t t e r n  of r e l a t i o n s h i p s .  They i n d i c a t e  3 l : loser  
a f f i n i t y  between A. v i r e s c e n s  va r .  paiu30sa an; A .  --- kauense. This  
s i t u a t i o n  sugges?s the  p o s s i b l i t y  of convergent  evo lu t ion  of 
r ep roduc t ive  f e a t u r e s  adapted t o  s i m i l a r  r ep roduc t ive  modes i n  
s i m i l a r  extreme environments.  Furthermore,  t h e  i n t e rmed ia t e  
morphological  and e c o l o g i c a l  p o s i t i o n  of A .  kauense r a i s e s  t he  
- -- 
p o s s i b i l i t y  t h a t  h y b r i d i z a t i o n  between A .  ----- sandwicense s s p .  
sandwicense and a  greensword was involved-in t h e  o r i g i n  of  A .  
- 
.- 
kauense. 
RESOURCE MANAGEMENT RECOMMENDATIONS 
1. This taxonomic revision of the Hawaiian silverswords 
demonstrates that Haleakala, Mauna Kea and Mauna Loa each have 
their own unique species or subspecies. These silverswords will 
cross with one another. Therefore. a aiven P 
2. The Mauna Kea silversword population is extremely small and 
threatened by mouflon sheep. The Ka'u silversword populations 
(there are two) are small and currently heavily disturbed by 
pigs or mouflon sheep. The Haleakala silversword, though 
numbering in the thousands and partially protected, is still 
threatened by goats and human vandalism. All populations of 
silverswords should be managed as though they were officially 
listed as Endangered because they are so vulnerable to predation. 
3. Conservation of these species should concentrate on habitat 
restoration. Cultivation should be avoided wherever possible and 
only used as a last resort. 
iii 
TABLE OF CONTENTS 
Page 
ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . .  RESOURCE MANAGEMENT RECOMMENDATIONS 
LIST OF TABLES . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  LIST OF ILLUSTRATIONS 
INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . .  
LITERATURE REVIEW . . . . . . . . . . . . . . . . . . . . .  
Systematic Disposition and Evolutionary History 
. . . . . . . .  of Argyroxiphium and its Relatives 
. . . . . . . .  The Different Entities of Argyroxiphium 
. . . . . . . . . . . . . . . . . . .  Greenswords 
. . . . . . . . . . . . . . . . . . .  Silverswords 
. . . .  General Description of the Genus Argyroxiphium 
Root . . . . . . . . . . . . . . . . . . . . . . .  
Stem . . . . . . . . . . . . . . . . . . . . . . .  
Leaf . . . . . . . . . . . . . . . . . . . . . . .  
Raceme . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . .  Bract. Peduncle. and Bractlet 
. . . . . . . . . . . . . . . . . . . .  Involucre 
. . . . . . . . . . . . . . . . . . . .  Receptacle 
Ray Floret . . . . . . . . . . . . . . . . . . . .  
DiskFloret . . . . . . . . . . . . . . . . . . .  
Distribution and Habitat of Arqyroxiphium . . . . . . .  
. . . .  Adaptations of Argyroxiphium to its Environment 
vii 
Adaptations to an Alpine Environment . . . . . . .  10 
Germination . . . . . . . . . . . . . . . . .  10 
. . . . . . . . . . . . . . . . . .  Seedling 10 
Adult Plant . . . . . . . . . . . . . . . . .  11 
Adaptations Associated with Ecological Shifts 
in Argyroxiphiurn . . . . . . . . . . . . . .  13 
Loss of Dispersibility in Argyroxiphium and 
. . . . . . . . . . . . . . . . . . . .  itsAllies 14 
THESIS PROPOSAL . . . . . . . . . . . . . . . . . . . . . .  15 
The Proposal . . . . . . . . . . . . . . . . . . . . .  16 
. . . . . . . . . . . . . . .  Statement of Purpose 16 
Hypotheses . . . . . . . . . . . . . . . . . . . .  16 
Importance of the Study . . . . . . . . . . . . .  16 
MATERIALS ANDMETHODS . . . . . . . . . . . . . . . . .  19 
RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
Argyroxiphium sandwicense . . . . . . . . . . . . . . .  20 
Infrageneric Relationships . . . . . . . . . . . . . .  22 
DISCUSSION . 
Argyroxiphium sandwicense . . . . . . . . . . . . . . .  23 
Infrageneric Relationships . . . . . . . . . . . . . .  26 
TAXONOMY . . . . . . . . . . . . . . . . . . . . . . . . . .  27 
Argyroxiphium . . . . . . . . . . . . . . . . . . . . .  27 
Key to the Common Taxa of Argyroxiphium of East Maui 
. . . . . . . . . . . . . . . . . . .  . and IIawai i 28 
Argyroxiphium . virescens var . paludosa . . . . . . . . .  29 
Argyroxiphium kauense . . . . . . . . . . . . . . . . .  30 
sandwicense . . . . . . . . . . . . . . .  31 
. . . . . .  . Arqyroxiphium sandwicense ssp sandwicense 32 
. . . . .  Argyroxiphiurn sandwicense ssp . macrocephalurn 33 
. . . . . . . . . . . . . . . . . . . . . . . .  CONCLUSIONS 3 4  
. . . . . . . . . . . . . . . . . . . . . .  LITERATURECITED 35 
LIST OF TABLES 
Table Page 
1 Populations of Argyroxiphium studied . . . . . . .  40 
-
2 Number and condition of samples of each 
population of Argyroxiphium assessed . . . . . . .  
- 
41 
3 List of 45 characters assessed in individuals 
. . . . . . .  of five populations of Argyroxiphium 42 
4 Characters that differ significantly between 
Argyroxiphium sandwicense ssp. sandwicense and 
A. - sandwicense ssp. macrocephalurn as determined 
by the F test from one way analysis of variance . 44 
Characters exhibiting significantly different 
means among five populations of Argyroxiphium 
as determined by Duncan's new multiple range 
test.. . . . . . . . . . . . . . . . . . . . . .  46 
Characters that differ significantly between the 
two populations of Argyroxiphium kauense as 
determined by the F test from one way analysis 
of variance . . . . . . . . . . . . . . . . . . .  48 
Number of occurrences of adjacent mean values 
of 45 characters in each possible combination 
of two populations of Argyroxiphium . . . . . . .  49 
vii 
LIST OF ILLUSTRATIONS 
Page Figure 
1 The relationship between rosette diameter and 
leaf length in Argyroxiphium as indicated by data 
. . . . . . . . . . . . . . . . . .  from four taxa 51 
The relationship between inflorescence width and 
peduncle length in Argyroxiphium as indicated by 
data from four taxa . . . . . . . . . . . . . . .  51 
The relationship between number of ray florets 
per capitulum and capitulum diameter in the genus 
Arqyroxiphium and within infrageneric taxa . . . .  53 
The relationship between leaf length and leaf 
width in the genus Argyroxiphium and within 
. . . . . . . . . . . . . . . .  infrageneric taxa 53 
The relationship between inflorescence length 
and inflorescence width in the genus 
Argyroxiphium and within infrageneric taxa . . . .  55 
Scatter diagram of the relationship among 
inflorescence 1ength:width ratio, leaf 
1ength:width ratio, and number of ray florets 
per capitulum of infrageneric taxa of 
. . . . . . . . . . . . . . . . . .  Argyroxiphium 55 
Leaves of three taxa of Argyroxiphium . . . . . .  57 
Capitulum and peduncle features of three taxa 
. . . . . . . . . . . . . . . . .  of Argyroxiphium -. 57 
Habit of three taxa of . . . . . . .  58 
INTRODUCTION 
The g e n u s  A r q y r o x i p h i u m  i n c l u d e s  some o f  t h e  m o s t  
i n t e r e s t i n g  s p e c i e s  o f  t h e  f l o r a  o f  t h e  H a w a i i a n  I s l a n d s .  Of t h e  
s i x  s p e c i e s  i n  t h e  g e n u s ,  t h e  b e s t  known i s  t h e  s p e c t a c u l a r  
- 
s i l v e r s w o r d  o f  H a l e a k a l a ,  Maui (A. m a c r o c e p h a l u m  G r a y  o r  A .  
-
s a n d w i c e n s e  DC. s .  1 .  A r g y r o x i p h i u m  b e l o n g s  t o  t h e  f a m i i y  
A s t e r a c e a e ,  t r i b e -  g e l i a n t h e a e ,  s u b t r i b e  M a d i i n a e ,  a n d  t o s e t h e r  
w i t h  t h e  c l o s e l y  r e l a t e d  g e n e r a  D u b a u t i a  and  ~ i l k e s i a  f o r k s  t h e  
H a w a i i a n  t a r w e e d  c o m p l e x  ( C a r l q u i s t  1 9 5 7 ,  1 9 5 9 a ,  1 9 5 9 b ) ,  w h i c h  
a c c o r d i n g  t o  C a r r  a n d  Kyhos ( 1 9 8 1 )  is o n e  o f  t h e  m o s t  r e m a r k a b l e  
e x a m p l e s  o f  a d a p t i v e  r a d i a t i o n  known t o  s c i e n c e .  
The m o r p h o l o g i c a l  and a n a t o m i c a l  c h a r a c t e r i s t i c s  o f  
A r g y r o x i p h i u m  s u g g e s t  t h a t  i t  i s  o n e  o f  t h e  f ew e x a m p l e s  o f  
a d a p t a t i o n  t o  t r o p i c a l  a l p i n e  c o n d i t i o n s  ( C a r l q u i s t  1 9 5 7 ,  1 9 7 4 ;  
Hedberg  1 9 6 4 ;  Coe 1 9 5 7 ) .  The s p e c i e s  a r e  a l l  endemi: t o  
p a r t i c u l a r  h a b i t a t s  o f  v e r y  l i m i t e d  a r e a s  o n  h i g h  v o l c a n o e s  o f  
Maui and  H a w a i ' i .  Some o f  t h e  s p e c i e s  c a l l e d  s i l v e r s w o r d s  g row 
o n  v o l c a n i c  r o c k  a n d  c i n d e r  i n  a r e a s  t h a t  a r e  v i r t u a l  d e s e r t s .  
O t h e r  s p e c i e s  c a l l e d  g r e e n s w o r d s  o c c u r  i n  boggy  a r e a s  k e p t  
c o n t i n u a l l y  w e t  b y  p r e c i p i t a t i o n  a n d  f o g .  The g e n u s  c o m p r i s e s  
s u b c a u l e s c e n t  o r  c a u l e s c e n t  p e r e n n i a l  h e r b s  c r o w n e d  w i t h  a n  
a t t r a c t i v e  r o s e t t e  o f  c rowded  s i l v e r y  o r  g r e e n  l e a v e s .  A f t e r  
s e v e r a l  y e a r s  o f  g r o w t h  a s  a  r o s e t t e ,  t h e y  f i n a l l y  p r o d u c e  a n  
e l o n g a t e d  i n f l o r e s c e n c e  o f  many r a d i a t e  c a p i  t u l a .  Many 
i n d i v i d u a l s  o f  s i l v e r s w o r d s  h a v e  a  s i n g l e  a x i s  and  a r e  m o n o c a r p i c  
i n  h a b i t .  However ,  i f  b r a n c h i n g  o c c u r s  p r i o r  t o  b o l t i n g ,  a s  i s  
o f t e n  t h e  c a s e  i n  g r e e n s w o r d s ,  o n l y  t h e  f e r t i l e  a x e s  d i e  a f t e r  
f l o w e r i n g  . 
The t y p e  s p e c i e s  o f  t h i s  g e n u s ,  A r g y r o x i p h i u m  s a n d w i e e n s e ,  ----- 
was d e s c r i b e d  by D e  C a n d o l l e  ( 1 8 3 6 )  f rom s p e c i m e n s  c o l l e c t e d  o n  
Mauna Kea ,  H a w a i ' i  ( c f .  W i l s o n  1 9 2 2 ) .  A r g y r o p h y t o n  d o u g l a s i i  o f  
- --+- 
Hooker ( 1 8 3 7 a )  was a l s o  b a s e d  o n  m a t e r i a l f r o m  Mauna Kea.  Flooker 
( 1 8 3 7 b )  l a t e r  a c k n o w l e d g e d  t h a t  h i s  own name f o r  t h e  Mauna Kea 
m a t e r i a l  was s u p e r f l u o u s ,  a n d  i n  f a c t  c o r r e c t l y  a p p l i e d  D e  
C a n d o l l e ' s  e a r l i e r  b i n o m i a l .  
I n  1 8 5 2 ,  G r a y  d e s c r i b e d  a  s i l v e r s w o r d  c o l l e c t e d  i n  H a l e a k a l z  
C r a t e r ,  Maui and named i t  A r g y r o x i p h i u m  m a c r o c e p h a l u m .  However ,  
.-- 
H i l l e b r a n d  ( 1 8 8 8 )  t r e a t e d  t h e  same t a x o n  a s  A .  s a n d w i c e n s e  ------ - v a r .  
m a c r o c e p h a l u m .  Keck ( 1 9 3 6 ) ,  i n  h i s  monol,rrapxic r e v i s i o n  o f  t h e  
g e n u s ,  merg<d t h e  s i l v e r s w o r d s  o f  t h e  t d o  d i f f e r e n t  i s l a n d s  i n  
t h e  s i n g l e  t a x o n  A. s a n d w i c e n s e .  The r e c o g n i t i o n  o f  two d i s c r e t e  
t a x a  b y  b o t h   ray a n d  H i l l e b r a n d  was b a s e d  o n  some m o r p h o l o g i c a l  
d i f f e r e n c e s  b e t w e e n  t h e  p o p u l a t i o n s  o f  H a l e a k a l a  and Mauna Kea 
s i l v e r s w o r d s .  G r a y ,  H i l l e b r a n d ,  a n d  Keck o b v i o u s l y  had  d i f f e r e n t  
o p i n i o n s  r e g a r d i n g  t h e  t a x o n o m i c  i m p o r t a n c e  o f  t h e s e  mostly 
q u a n t i t a t i v e  m o r p h o l o g i c a l  d i f f e r e n c e s .  T h e s e  d i f f e r e n t  o p i n i o n s  
and  a  p a u c i t y  o f  new o b s e r v a t i o n s  h a v e  l e d  t o  a p e r s i s t e n t  
u n c e r t a i n t y  r e g a r d i n g  t h e  t a x o n o m i c  s t a t u s  o f  t h e  : l a l e a k c j l  3 and 
Mauna Kea s i l v e r s w o r d s .  
However ,  t h e  t a x o n o m i c  r e s o l u t i o n  o f  t h e s e  p o p u l a t i o n s  o f  
s i l v e r s w o r d s  i s  e s p e c i a l l y  i m p o r t a n t  b e c a u s e  t h e  o n l y  known 
p o p u l a t i o n  o f  t h e  Mauna Kea s i l v e r s w o r 3  i s  e x t r e m e l y  s m a l l .  O n l y  
27 t o  1 5 0  p l a n t s  h a v e  b e e n  r e p o r t e d  t o  r e m a i n  i n  t h e  N a i l u k u  
R i v e r  d r a i n a g e  ( B r y a n  1 9 7 3 ,  L a n d g r a f  1 9 7 3 ) .  A c l a r i f i c a t i o n  o f  
t h e  t a x o n o m i c  s t a t u s  o f  t h e  Mauna Kea p o p u l a t i o n  i s  a 
p r e r e q u i s i t e  t o  t h e  d e v e l o p m e n t  o f  e f f e c t i v e  p l a n s  f o r  i t s  
management  o r  r e c o v e r y .  
I n  t h e  p r e s e n t  s t u d y ,  m o r p h o m e t r i c  t e c h n i q u e s  w e r e  u s e d  t o  
a s s e s s  t h e  p a t t e r n  o f  v a r i a t i o n  o f  45  v e g e t a t i v e  and  r e p r o d u c t i v e  
c h a r a c t e r s  among p o p u l a t i o n s  o f  t h e  s i l v e r s w o r d s  - A .  ------ s a n d w i c e n s e  
s.1. and A. k a u e n s e ,  and  a  g r e e n s w o r d ,  A .  v i r e s c e n s  v a r .  
- - - 
a l u d o s a .  ?in a n a l y s r s  o f  t h e s e  p a t t e r n s  ~ r o v i d e s  a  f r amework  t o  
-L_
reexamine t h e  c l a s s i f i c a t i o n  o f  t h e  Mauna Kea and  H a l e a k a l a  
p o p u l a t i o n s .  Based o n  t h e  r e s u l t s  o f  t h i s  a n a l y s i s  i t  seems m o s t  
a p p r o p r i a t e  t o  r e c o g n i z e  b o t h  p o p u l a t i o n s  o f  - A. -- s a n d w i c e n s e  - s.1. 
a t  t h e  s u b s p e c i e s  l e v e l .  H e r e a f t e r ,  t o  a v o i d  c o n f u s i o n ,  tKe 
Mauna Kea s i l v e r s w o r d  w i l l  b e  r e f e r r e d  t o  a s  Argyrox=hium 
--- 
s a n d w i c e n s e  s s p .  s a n d w i c e n s e  a n d  t h e  H a l e a k a l a  s i l v e r s w o r d  a s  
Arg r o x i p h i u m  s a n d w i c e n s e  ssp: m a c r o c e p h a l u m .  L_Y ---- - --- -- 
LITERATURE REVIEW 
S y s t e m a t i c  -- D i s p o s i t i o n  and  E v o l u t i o n a r y  H i s t o r y  o f  A r g y r o x i p h i u m  
- -- - - 
m t s  R e l a t i v e s  
-- - --- 
S r a y  ( 1 8 5 2 1 ,  o n  t h e  b a s i s  o f  c a ~ i t u l u m  c h a r a c t e r s ,  was  t h e  
. . 
f i r s t  t b  l i n k  t h e  g e n u s  ~ r ~ ~ r o x i ~ h i u m  ( a n d  i n d i r e c t l y  a l s o  
W i l k e s i a )  t o  t h e  s u b t r  i b e  M a d i i n a e  ( s u b t r i b e  d e s i g n a t i o n  
--- 
a c c o r d i n g  t o  Keck 1 9 6 8 ) ,  t r i b e  H e l i a n t h e a e  o f  t h e  f a m i l y  
4 s t e r a c e a e .  Members o f  t h i s  s u b t r i b e  a r e  a l s o  known i n  
C a l i f o r n i a  a s  t a r w e e d s .  Bentham and Hooker ( 1 8 7 3 )  f o l l o w e d  
G r a y ' s  t r e a t m e n t  and  p l a c e d  A r g y r o x i p h i u m  a n d  Wilkesia i n  t h e  
-
s u b t r  i b e  M a d i i n a e ,  and  D u b a u t i a  i n  t h e  G a l i n s o g i n a e ,  t h e  
i m m e d i a t e l y  p r e c e d i n g  s u b t r i b e .  ~ G e v e r ,  t h e y  p l a c e d  R a i l l i a r d i a  
i n  t h e  S e n e c i o n e a e ,  a  d i f f e r e n t  t r i b e .  I n  1 8 9 7 ,  Hoffmann p l a c e d  
D u b a u t i a  and R a i l l i a r d i a  t o g e t h e r  i n  t h e  s u b t r i b e  Z a l i n s o g i n a e ,  
--- 
and  r e t a i n e d  A r g y r o x i p h i u m  and W i l k e s i a  i n  t h e  M a d i i n a e .  
S k o t t s b e r g  ( 1 9 5 6 )  s u g g e s t e d  a f f i n i t i e s  b e t w e e n  D u b a u t i a  and  
R a i l l i a r d i a  a n d  d i f f e r e n t  g e n e r a  o f  S e n e c i o n e a e  f rom t h e  s o u t h e r n  
---- 
and  s o u t h w e s t e r n  P a c i f i c .  S h e r f f  ( 1 9 3 5 ) ,  i n  h i s  monograph ,  
t r e a t e d  --- D u b a u t i a  and  R a i l l i a r d i a  a s  r e l a t e d ,  b u t  s e p a r a t e  g e n e r a ,  
mak ing  no comment a b o u t  t h e i r  d e r i v a t i o n .  Keck ( 1 9 3 6 )  submerged  
R a i l l i a r d i a  i n t o  D u b a u t i a ,  a n d  W i l k e s i a  i n t o  A r g y r o x i p h i u m .  H e  
- -- 
p o i n t e d  o u t  t h a t  D u b a u t i a  and  A r g y r o x i p h i u m  a r e  c l o s e l y  r e l a t e d  
g e n e r a .  However,  h e  p l a c e d  them i n  t h e  G a l i n s o y i n a e ,  and  
s p e c u l a t e d  o n  t h e i r  d e r i v a t i o n  f r o m  t h e  s o u t h e r n  and  s o u t h w e s t e r n  
P a c i f i c .  
C s r l q u i s t  ( 1 9 5 7 ,  1 9 5 9 a ,  1 9 5 9 b ) ,  b a s e d  o n  t h e  m o r p h o l o g i c a l  
and  a n a t o m i c a l  c h a r a c t e r i s t i c s  o f  g l a n d u l a r  t r i c h o m e s ,  c e r t a i n  
f e a t u r e s  o f  t h e  l e a v e s ,  f l o r a l  b r a c t s  a n d  s t y l e ,  d e m o n s t r a t e d  
t h a t  D u b a u t i a  ( i n c l u d i n g  R a i l l i a r d i a )  , A r g y r o x i p h i u m ,  a n d  
-
W i l k e s i a  a r e  c l o s e l y  r e l a t e d  g e n e r a .  The o c c u r r e n c e  o f  
--- 
i n t e r g e n e r  i c  h y b r i d s  b e t w e e n  s p e c i e s  o f  D u b a u t i a  and  
A r g y r o x i p h i u m  
-- e l i m i n a t e d  a n y  d o u b t  a b o u t  t h e i r - c l o s e  
r e l a t i o n s h i p .  Degener  ( 1 9 4 8 )  f o u n d  h y b r i d s  o f  A. u a n u m  --- X 
D u b a u t i a  o n  t h e  M t .  Eke p l a t e a u  w h i c h  were d e s c r i b e d - a n d  named by 
S h e r f f  ( 1 9 4 4 )  a s  A r g y r a u t i a  d e g e n e r i .  A l s o ,  a n o t h e r  i n t e r g e n e r i c  
h y b r i d  was r e c o g n i z e d  by K o b a y a s h i  i 1 9 7 3 a )  i n  H a l e a k a l a  w h i c h ,  by  
m o r p h o l o g y  and l o c a t i o n ,  a p p e a r s  t o  b e  a  h y b r i d  b e t w e e n  t h e  
H a l e a k a l a  s i l v e r s w o r d  a n d  - D.  m e n z i e s i i .  -
Keck '  s t r e a t m e n t  o f  D u b a u t i a  ( i n c l u d i n g  --- ~ a i l l i a r d i a )  ( 1 9 3 6 )  
was w e l l  r e c e i v e d  b y  t a x o n o m i s t s  ( C a r l q u i s t  1 9 5 7 ,  C a r r  1 9 7 8 ) ,  b u t  
K e c k ' s  t r e a t m e n t  of A r g y r o x i p h i u m  ( i n c l u d i n g  W i l k e s i a )  h a s  n o t  
g a i n e d  a c c e p t a n c e .  Keck ( 1 9 3 6 )  p l a c e d  --- W i l k e s i a  q r a y a n a  
H i l l e b r a n d  ( 1 8 8 8 )  i n  A r g y r o x i p h i u m  and  assumed t h a t  --- W i l k e s i a  
gymnoxiphium S r a y  ( 1 8 5 2 )  was d e r i v e d  f rom t h e  f o r m e r  t a x o n .  
S k o t t s b e r g  ( 1 9 4 4 ,  q u o t e d  by S t .  J o h n  1 9 7 1 b )  s a i d ,  " A f t e r  t h e  
r e m o v a l  o f  - W. g r a y a n a ,  W i l k e s i a  s t a n d s  o u t  a s  a w e l l - m a r k e d  
-
g e n u s ,  n o t  o n l y  a s  a s u b g e n u s  ( K e c k  1 . c . )  o f  A r g y r o x i p h i u m . "  -- 
A c c o r d i n g  t o  C a r l q u i s t  ( 1 9 5 7 ) ,  t h e  d e r i v a t i o n  o f  W i l k e s i a  f rom 
A r g y r o x i p h i u m  i s  n o t  p o s s i b l e ,  b e c a u s e  t h e  h i g h l y  s p e c i a l i z e d  
t y p e  o f  l e a f  s t r u c t u r e  f o u n d  i n  A r g y r o x i p h i u m  c o u l d  n o t  g i v e  r i s e  
t o  t h e  g e n e r a l i z e d  t y p e  f o u n d  i n  W i l k e s i a .  H e  a l s o  c i t e d  
d i f f e r e n c e s  i n  i n f l o r e s c e n c e  a n d  c a p i t u l u m  s t r u c t u r e  t o  s u p p o r t  
h i s  c o n t e n t i o n .  L a t e r ,  S t .  John ( 1 9 7 1 b )  d e s c r i b e d  a  new s p e c i e s  
o f  W i l k e s i a ,  -- W . h o b d y i ,  a n d  p r e s e n t e d  i n  a  t a b l e  a l i s t  o f  
m o r p h o l o g i c a l  c h a r a c t e r s  w h i c h  s e p a r a t e  ~ r g y r o x i p h i u m  -- f r o m  
W i l k e s i a .  T h e s e  c h a r a c t e r s  i n c l u d e  l e a f ,  c a p i t u l u m ,  p h y l l a r y ,  
and  ac f i ene  f e a t u r e s .  T h u s ,  b a s e d  o n  l e a f  c h a r a c t e r s ,  wood 
a n a t o m y ,  a n 3  i n f l o r e s c e n c e  t y p e s ,  t h e  g e n e r a  D u b a u t i g ,  
A r g y r o x i p h i u r n ,  a n d  W i l k e s i a  a r e  c l e a r l y  d i s t i n c t  ( C a r l q u i s t  1 9 5 7 ,  
1 9 5 9 a ,  l 9 5 9 b ) .  
F o s b e r g  ( 1 9 4 8 )  p o s t u l a t e d  t h a t  a  s i n g l e  i m m i g r a n t  g a v e  r i s e  
t o  s i x t y - o n e  e n t i t i e s  o f  t h e s e  t h r e e  r e l a t e d  g e n e r a .  The 
e x t e n s i v e  s t u d y  o n  t h e  c o m p a r a t i v e  a n a t o m y  a n d  c y t o l o g y  o f  t h e  
d i f f e r e n t  s p e c i e s  a n d  g e n e r a  o f  M a d i i n a e  b y  C a r l q u i s t  ( 1 9 5 9 a )  
s u p p o r t s  t h e  v i e w p o i n t  o f  G r a y  ( 1 8 5 2 )  r e g a r d i n g  t h e  o r i g i n  o f  t h e  
S a w a i i a n  t a x a .  Yany c a p i t u l u m  c h a r a c t e r i s t i c s  a r e  s h a r e d  by t h e  
M a d i i n a e  i n  C a l i f o r n i a  and  t h e  --- D u b a u t i a - w o x i p h i u m - X i 1  - - - -- -- - k e s i 2  -- - - - 
complex  o f  Hawai '  i ( C a r l q u i s t  l 9 5 9 a )  . 
Some s h r u b b y  s p e c i e s  o f  C a l i f o r n i a n  M a d i i n a e  f rom t h e  g e n e r a  
H e m i z o n i a  ( o f f  s h o r e  C a l i f o r n i a  i s l a n d s )  and Adenothamnus  --
( n o r t h e r n  B a j a  C a l . i f o r n i a )  e v o l v e d  f r o m  c o n t i n e n t a ~ h e r b a c e o u s  
a n n u a l s  i n t o  s e v e r a l  s p e c i e s  c h a r a c t e r i z e d  by l o s s  o f  s e a s o n a l  
g r o w t h  i n  t h e  m i l d e r  m a r i t i m e  c h i m a t s  ( C a r l q u i s t  1 9 7 4 ) .  T h i s  i s  
p a r t  o f  t h e  r e a s o n  C a r l q u i s t  ( 1 9 7 0 )  s u g g e s t e d  t h a t  among t h e s e  
g e n e r a  may l i k e l y  b e  f o u n d  t h e  a n c e s t o r  of t h e  p e r e n n i a l  H a w a i i a n  
Mad i i n a e  . 
C a r r  ( 1 9 7 8 )  f o u n d  a s t r i k i n g  t r e n d  i n  t h e  g e o g r a p h i c a l  
d i s t r i b u t i o n  o f  D u b a u t i a  s p p .  w i t h  chromosome n u m b e r s  o f  n=14 a n d  
D u b a u t i a  s p p .  w i t h  chromosome n u m b e r s  o f  n=13  ( R a i l l i a r d i a  t y p e ) .  
O n l y  species w i t h  n=14 a r e  known f r o m  t h e  i s l a n d  o f  Kaua '  i ,  which  
i s  t h e  n o r t h w e s t e r n m o s t  and  g e o l o g i c a l l y  o l d e s t  m a j o r  i s l a n d  
( M c d o n a l d  and  A b b o t t  1 9 7 0 ) .  The p r o g r e s s i v e l y  y o u n g e r  i s l a n d s  t o  
t h e  s o u t h e a s t  h a v e  c o n c o m i t a n t l y  h i g h e r  f r e q u e n c i e s  o f  s p e c i e s  
w i t h  n = 1 3  ( H a w a i ' i :  7 1 %  h a v e  n=13  and o n l y  2 9 %  h a v e  n = 1 4 )  ( C a r r  
1 9 7 8 ) .  A c c o r d i n g  t o  t h e  same a u t h o r ,  t h e  w i d e s t  r a n g i n g  and most. 
h i g h l y  d i f f e r e n t i a t e d  s p e c i e s  h a v e  n=14 ,  w h i l e  s p e c i e s  w i t h  n = 1 3  
t e n d  t o  b e  p o o r l y  d i f f e r e n t i a t e d  and a r e  h i g h l y  r e s t r i c t e d  i n  
d i s t r i b u t i o n .  C a r r  ( 1 9 7 8 )  c o n c l u d e d  t h a t  n=14  i s  t h e  a n c e s t r a l  
chromosome number i n  t h e  H a w a i i a n  M a d i i n a e  a n d  t h a t  s p e c i e s  w i t h  
n=13 h a v e  e v o l v e d  r e c e n t l y  b y  a n e u p l o i d  r e d u c t i o n .  M o r e o v e r ,  
C a r r  ( 1 9 7 8 )  s p e c u l a t e d  t h a t  D u b a u t i a  s c a b r a  ( ~ a i l l i a r d i a  t y p e ,  
--- b u t  n = 1 4 )  i s  t h e  m o s t  l i k e l y  i m m e d i a t e  a n c e s t o r  o f T z p a i r e d  
s p e c i e s .  A l s o ,  h e  s u g g e s t e d  t h a t  t h e  P a c i f i c  C o a s t  t a r w e e d  
Adenothamnus  v a l i d u s  ( B r a n d .  ) Keck ( n = l 4 )  i s  a  r e a s o n a b l e  
.-- 
e c o l o g i c a l ,  m o r p h o l o g i c a l ,  a n d  c y t o l o g i c a l  p r o t o t y p e  f o r  a  
p u t a t i v e  a n c e s t o r  o f  t h e  H a w a i i a n  t a r w e e d s .  
A c c o r d i n g  t o  C a r l q u i s t  ( 1 9 7 4 ) ,  i n  --- D u b a u t i a ,  t h e  l e a f  s i z e  i s  
a s e n s i t i v e  i n d i c a t o r  o f  m e s o m o r p h ~  and  x e r o m o r p h y .  L e a f  s i z e  i n  
t h i s  g e n u s  i s  a l s o  c o r r e l a t e d  w i t h  t h e  vo lume  o f  v e s s e l  e l e m e n t s  
s u c h  t h a t  s p e c i e s  w i t h  l a r g e  v e s s e l  e l e m e n t s  a n d  l a r g e  l e a v e s  
( n = 1 4  c y t o t y p e )  o c c u p y  c o m p a r a t i v e l y  w e t  s i t e s ,  w h e r e a s  s p e c i e s  
w i t h  s m a l l  v e s s e l  e l e m e n t s  a n d  s m a l l  l e a v e s  ( n = 1 3  c y t o t y p e )  
u s u a l l y  o c c u p y  c o m p a r a t i v e l y  d r y  s i t e s  ( c f .  C a r l q u i s t  1 9 7 4 ,  C a r r  
1 9 7 8 ) .  
From t h e  p a p e r s  o f  C a r l q u i s t  ( 1 9 7 4 )  and  C a r r  ( 1 3 7 8 ) ,  i t  c a n  
b e  c o n c l u d e d  t h a t  t h e  o r i g i n a l  H a w a i i a n  t a r w e e d  i m m i g r a n t  
p r o b a b l y  d i v e r g e d  e a r l y  i n t o  A r g y r o x i p h i u m  ( n = 1 4 ) ,  W i l k e s i a  ---- 
( n = l 4 ) ,  a n 3  - D u b a u t i a  ( n = 1 4 ) ,  w i t h  t h e  two f o r m e r  g e n e r a  o c c u p y i n g  
u p l a n d  d r y  s i t e s  a n d  D u b a u t i a  ( n = 1 4 )  o c c u p y i n g  mesic s i t e s .  I n  
l a t t e r  s t a g e s  o f  e v o l u t i o n ,  D u b a u t i a  ( n = 1 4 )  g a v e  r i s e  t o  --- D u b a u t i a  
( n = 1 3 )  which  a d v a n c e d  i n t o  d r i e r  - a r e a s .  The e v o l u t i o n  w i t h i n  
A r g y r o x i p h i u m  i n  r e l a t i o n  t o  a d a p t a t i o n  t o  d i f f e r e n t  e c o l o ~ i c a l  
c o n d i t i o n s  w i l l  b e  d i s c u s s e d  i n  a  f o l l o w i n g  s e c t i o n  o f  t h i s  
p a p e r .  
The D i f f e r e n t  E n t i t i e s  o f  A r g y r o x i p h i u m  
--- pp -
The g e n u s  A r g y r o x i p h i u m  i s  commonly d i v i d e d  ( somewhat  
i n p e r f e c t l y )  i n t o  two m o r e - o r - l e s s  e a s i l y  r e c o g n i z e d  g r o u p s .  
S p e c i e s  t h a t  a r e  g l a b r o u s  o r  m e r e l y  p u b e s c e n t  a r e  c a l l e d  
g r e e n s w o r d s ,  w h e r e a s  s p e c i e s  t h a t  a r e  d e n s e l y  p u b e s c e n t  a r e  
c a l l e d  s i l v e r s w o r d s .  
GREENSWORDS: S e v e n  e n t i t i e s  h a v e  b e e n  c o n s i d e r e d  
g r e e n s w o r d s .  T h e s e  i n c l u d e  A. v i r e s c e n s  Hbd. ( H i l l e b r a n d  1 8 8 8 ) ,  
---- 
A.  v i r e s c e n s  v a r .  p a l u d o s a  St, J o h n  ( 1 9 7 1 a ) ,  A. f o r b e s i i  S t .  J o h n  
- --- - -- ( 1 9 7 1 a ) ,  and A. grayanurn --- ( H b d . )  Deg. ( ~ e g e n e r  1 9 3 2  c t  s e q . )  
( f o r m e r 1  y c o n s i d e r e d  - 2  W i l k e s i a  - - -r a j a n a - - H i l l e b r a n c i  1 8 8 8 ) .  
42 t h o u g h  A .  ------- c a l i g i n i  F o r b e s  ( F o r b e s  1 9 2 0 )  i s  d e n s e l y  p u b e s c e n t ,  
i t  is  r e a s o n a b l e  t o  c o n s i d e r  i t  a s  ~ ~ ~ l o g i c a l l y  r e l a t e d  t o  
g r e e n s w o r d s  ( D e g e n e r  1 9 4 5 ) .  S u c h  a n  a s s u m p t i o n  i s  s u p p o r t e d  by 
t h e  a n a t o m i c a l  e v i d e n c e  o f  C a r l q u i s t  ( 1 9 5 7 ) .  S t .  J o h n  ( 1 9 7 3 )  
made a n  emendment t o  t h e  s c i e n t i f i c  name c a l l i n g  i t  A.  c a l i g i n i s ,  
b e c a u s e  " c a l i g i n i s "  is t h e  g e n i t i v e  o f  t h e  L a t i n  <ou=alDn 
which  means  f o g .  The i n t e r g e n e r i c  h y b r i d  A. grayanurn X ~ u b a u t r a  
-----.- 
c a l l e d  A r g y r a u t i a  d e g e n e r i  by  S h e r f f  ( 1 9 4 4 T  c a n  b e  c o n s i d e r e d  i n  
t h e  g r e e n s w o r d  g r o u p .  A l s o  i n  t h e  same g r o u p  b e l o n g s  t h e  d e b a t e d  
e n t i t y  A. c a l i g i n i s  v a r .  k a i  o f  F o r b e s  ( 1 9 2 0 ) ,  c a l l e d  A .  k a i  by  
- -4- - -
D e g e n e r  ( 1 9 3 0 ,  1 9 3 2  e t  s e q . ) ,  a n d  c o n s i d e r e d  a  h y b r i d  b z t w e e n  - A .  
g r a y a n u v  and A .  c a l i g i n i s  b y  Keck ( 1 9 3 6 ) .  
- -- 
SILVERSW3RDS: S p e c i e s  i n  t h e  s i l v e r s w o r d  g r o u p  i n c l u d e  - A. 
s a n d w i c e n s e  DC.  (De  C a n d o l l e  1 8 3 6 )  and - A.  . m a c r o c e p h a l u m  G r a y  
( 1 8 5 2 ) ,  w h i c h  was  a l s o  r e f e r r e d  t o  a s  A.  s a n d w i c e n s e  v a r .  
m a c r o c e p h a l u m  by H i l l e b r a n d  ( 1 8 8 8 ) .  The two e n t i t i e s  m e n t i o n e d  
a b o v e  h a v e  b e e n  merged  by Keck ( 1 9 3 6 )  a n d ,  t a x o n o m i c a l l y ,  t h e y  
a r e  n o t  w e l l  d e f i n e d .  T h i s  a s p e c t  w i l l  be d i s c u s s e d  i n  d e t a i l  i n  
a  f o l l o w i n g  s e g m e n t  o f  t h i s  p a p e r .  A n o t h e r  s p e c i e s  c o n s i d e r e d  i n  
t h e  s i l v e r s w o r d  g r o u p  i s  A. k a u e n s e  (Rock  & N e a l )  Deg. & Deg. 
( D e g e n e r  1 9 3 2  e t  s e q . ,  ~ z g e n e r s  and  S u n a d a s  1 9 7 6 ) ,  f o r m e r l y  
c o n s i d e r e d  A .  s a n d w i c e n s e  v a r .  k a u e n s e  by Rock and N e a l  ( 1 9 5 7 ) .  
-
Of i n t e r m e d i a t e  s t a t u s  i s  a h y b r i d  b e t w e e n  A .  m a c r o c e p h a l u m  -- G r a y  
o f  H a l e a k a l a  and  A .  v i r e s c e n s ,  w h i c h  was m e n t i o n e d  by Rock a n d  
N e a l  ( 1 9 5 7 ) ,  and  Keck ( 1 9 3 6 ) ,  f r o m  P u l u  N i a n i a u  C r a t e r ,  o n  t h e  
n o r t h w e s t e r n  s l o p e s  o f  H a l e a k a l a ,  Maui .  
G e n e r a l  D e s c r i p t i o n  of  t h e  Genus  A r g y r o x i p h i u m  
-- ---- -- -- 
The  g e n u s  h a s  b e e n  c o n s i d e r e d  t o  c o m p r i s ?  s u b c a u l e s c e n t  t o  
c a u l e s c e n t  p e r e n n i a l  h e r b s ,  t h e  t r u n k s  o f  w h i c h  a r e  crowned w i t h  
numerous  c rowded  l e a v e s  f o r m i n g  c o m p a c t ,  s u b s p h e r i c  r o s e t t e s .  
L e a v e s  a r e  s p i r a l l y  a r r a n g e d  b e l o w  a n 3  a l t e r n a t e l y  d i s p o s e d  a b o v e  
( D e g e n e r  1 9 3 2  e t  s e q . ,  Xeck 1 9 3 6 ) .  s y s t e m s  w i l l  b e  more  f u l l y  
c h a r a c t e r i z e d  i n  a  g e n e r a l  way. 
ROOT: The H a l e a k a l a  s i l v e r s w o r d  h a s  a  l o n g ,  b r a n c h e d ,  y e t  
c o m p a r a t i v e l y  s h a l l o w  r o o t  ( D e g e n e r  1 9 3 2  e t  s e q . ) .  I n  l o o s e ,  
u n c o n s o l i d a t e d  m a t e r i a l ,  t h e  p l a n t s  o f t e n  h a v e  a  t a p r o o t  
e x c e e d i n q  e i q h t  f e e t  i n  l e n q t h  (U. S.  N a t i o n a l  P a r k  S e r v i c e  
1 9 6 8 ) .  A r g y r o x i p h i u m  k a u e n s e  a i s o  h a s  a  t a p r o o t  b e a r i n g  few s i d e  
r o o t s  a n d ,  a c c o r d i n g  t o  t h e  D e g e n e r s  a n d  S u n a d a s  ( 1 9 7 6 ) ,  t h e  
s p e c i e s  r o o t s  s p a r i n g l y  f r o m  s h o r t ,  c r e e p i n g  stems. 
STEM: The r o b u s t  stems may be s l i g h t l y  woody n e a r  t h e  b a s e .  
They h a v e  a b u n d a n t  p i t h  i n  t h e  c e n t e r ,  a n d  t h e y  a r e  c o v e r e d  with 
a  d a r k  b a r k ,  s h a g g y  w i t h  o l d  l e a f  t r a c e s  w h i c h ,  a f t e r  a b o u t  o n e  
y e a r ,  d e c a y  t o  e x p o s e  r o u g h  l e a f  s c a r s  ( D e g e n e r  1 9 3 2  e t  s e q . ,  
K e c k  1 9 3 6 ) .  C a r l q u i s t .  ( 1 9 5 7 )  r e p o r t e d  t h a t  A .  p g z n u m  - a n d  A .  
c a l i g i n i  p o s s e s s  a b u n d a n t  c o r k  i n  s u b e p i d e r m z l  l a y e r s ,  w h e r e a s  
l i t t l e  c o r k  o c c u r s  i n  - A .  v i r e s c e n s  and  i n  t h e  H a l e a k a l a  
----- 
s i l v e r s w o r d .  T h i s  c o r k  f o r m a t i o n  i s  a l s o  f o u n d  i n  A.  v i r e s c e n s  
-- 
v a r .  p a l u d o s a .  The p o s s i b l e  s i g n i f i c a n c e  o f  c o r k  T o r m a t i o ~  
t h e s e  s p e c i e s  h a s  n o t  b e e n  s u g g e s t e d .  I n  m o s t  o f  t h e  s p e c i e s ,  
t h e  stems a r e  s i m p l e ,  s h o r t ,  t h i c k ,  a n d  e r e c t .  However,  t h e r e  
a r e  s p e c i e s  w i t h  c r e e p i n g  and  b r a n c h e d  s t e m s  ( D e g e n e r  1 9 3 2  e t  
s e q . ,  Keck 1 9 3 6 ) .  
LEAF:  The l e a v e s  a r e  r i g i d ,  e n t i r e ,  a n d  e n s i f o r m ,  f r o m  
l i n e a r  t o  l i n e a r - l a n c e o l a t e ;  t h i c k ,  f l a t ,  o r ,  i n  c r o s s - s e c t i o n ,  
somewhat  t r i a n g u l a r  o r  r h o m b o i d a l .  They a r e  l o n g i t u d i n a l l y  f r o m  
1 t o  1 2 - n e r v e d .  The l e a v e s  a r e  n e v e r  c o n n a t e  i n t o  a  b a s a l  s h e a t h  
e x c e p t  i n  A.  g rayanurn  w h e r e  t h e y  may b e  s o  f o r  l e s s  t h a n  1 mm 
(Degenea: 1 9 3 2  s e q . ) .  S p e c i e s  w i t h  g l a b r o u s  g r e e n  l e a v e s  o r  
s p a r s e l y  p u b e s c e n t  v e s t u r e  a r e  c a l l e d  g r e e n s w o r d s .  On t h e  o t h e r  
h a n d ,  s p e c i e s  w i t h  d e n s e l y  p u b e s c e n t  l e a f  v e s t u r e ,  f r o m  g r a y  t o  
b r i l l i a n t l y  s i l v e r  i n  a p p e a r a n c e ,  a r e  c a l l e d  s i l v e r s w o r d s .  
C o n s e q u e n t l y ,  t h e y  w e r e  c a l l e d  A h i n a h i n a  and P o h i n a h i n a  by 
H a w a i i a n s  w h i c h ,  t r a n s l a t e d  t o  E n g l i s h ,  means  " v e r y  o r  e x t r e m e l y  
g r a y "  ( D e g e n e r  1 9 4 5 ) .  When D e  C a n d o l l e  ( 1 8 3 6 )  d e s c r i b e d  
A h i n a h i n a ,  b a s e d  o n  t h e  l e a f  s h a p e  and  v e s t u r e ,  h e  c o n s t r u c t e d  
" a r g y r o x i p h i u m "  f rom t h e  G r e e k  r o o t s  f o r  " s i l v e r "  a n 3  " s w o r d " ,  
h e n c e  the g e n e r i c  name. 
RACEME: Under n a t u r a l  c o n d i t i o n s ,  u s u a l l y  a f t e r  s e v e r a l  
y e a r s  o f  d e v e l o p m e n t ,  t h e  s u b s p h e r i c  r o s e t t e  p l a n t  p r o d u c e s  a  
b u l k y ,  s p i n d l e - l i k e  s t r u c t u r e  p r o t e c t e d  by h e l i c o i d a l l y  a r r a n g e d  
b r a c t s  w h i c h  r a p i d l y  e l o n g a t e s  i n t o  a n  e r e c t  i n f l o r e s c e n c e ,  
whereupon  t h e  p l a n t  f l o w e r s  a n d  sets  s e e d s .  I n  t h e  
s imple - s t emmed s p e c i e s  ( o r  i n d i v i d u a l s )  t h e  e n t i r e  p l a n t  d i e s  
a f t e r  s e e d i n g ,  b u t  i n  b r a n c h e d  s p e c i e s  ( o r  i n d i v i d u a l s )  o n l y  t h e  
f e r t i l e  b r a n c h  d i e s .  T h i s  d i e  b a c k  may b e  p r o g r e s s i v e  i n  c e r t a i n  
s p e c i e s  s o  t h a t  s e p a r a t e  b r a n c h e s  may become i n d e p e n d e n t  p l a n t s  
( D e g e n e r  1 9 3 2  e t  s e q . ) .  
The i n f l o r e s c e n c e  h a s  b e e n  d e s c r i b e d  a s  a  s i m p l e  r a c e m e  o f  
c a p i t u l a  ( w i t h  o n e  c a p i t u l u m  p e r  p e d u n c l e )  i n  a l l  s p e c i e s  
( H i l l e b r a n d  1 8 8 8 ,  F o r b e s  1 9 2 0 ,  Degener  1 9 3 2  e t  s e q . ,  K e c k  1 9 3 6 ,  
Rock a n d  Nea l  1 9 5 7 ,  S t .  J o h n  1 9 7 1 a ,  D e g e n e r s  a n d  S u n a d a s  1 9 7 6 ) .  
However ,  i n  A .  s a n d w i c e n s e ,  b e s i d e s  t h e  s i m p l e  r a c e m e ,  p a n i c l e s  
w i  t h  more t z a n - o n e  c a p i t u l u m  p e r  p e d u n c l e  ( r a c e m o s e  b r a n c h e s )  
h a v e  b e e n  r e p o r t e d  by H i l l e b r a n d  ( 1 8 8 8 )  and X e c k  ( 1 9 3 6 ) .  
C a r l q u i s t  ( 1 9 5 9 b )  e s t a b l i s h e d  t h a t  A r y r o x i h i u  h a s  a 
b i d i r e c t i o n a l  ( s i m p l e )  r a c e m e  i n  w h i c h  m o s t  o f  t h e  m a t u r a t i o n  i s  
a c r o p e t a l ,  b u t  some h e a d s  y o u n g e r  t h a n  t h o s e  i n  t h e  m i d d l e  o f  t h e  
a x i s  o c c u r  a t  t h e  b a s e .  H e  a l s o  f o u n d  t h a t  i n  m o s t  o f  t h e  
s p e c i e s  t h e  t e r m i n a l  h e a d  i s  b i g g e r  and b l o o m s  p r e c o c i o u s l y .  
The r a c e m e  s t a l k  i s  h o l l o w .  The i n f l o r e s c e n c e  h a s  a n  o b l o n g  
d e l i n e a t i o n ,  a n 3  i t  c a n  b e  f r o m  2  dm l o n g  i n  A.  - f o r b e s i i  --- ( S t .  
J o h n  1 9 7 1 a )  t o  2 0  dm l o n g  i n  some i n d i v i d u a l s  o f  A. m a c r o c e ~ h a l u m  -- --- 
( D e g e n e r  1 9 3 2  e t  s e q . )  . The i n f l o r e s c e n c e  c a n  b e a r  f rom 1 5  
c a p i t u l a  i n  - A .  - c a l i g i n i s  ( D e g e n e r  1 9 3 2  e t  s e q . ,  Keck 1 9 3 6 )  to 5 0 0  
c a p i t u l a  i n  some i n d i v i d u a l s  o f  A.  m a c r o c e p h a l u m  ( D e g e n e r  1 9 3 2  e t  
s e q . ) .  The s i z e  o f  t h e  i n f T o r e s c e n c e  -and t h e  c a p i t u l u m  i n  
Argyrox iph iu rn  s p e c i e s  s u g g e s t s  g i g a n t i s m  which  may b e  r e l a t e d  t o  
t h e  m o n o c a r p i c  h a b i t  o f  t h e s e  s p e c i e s  ( C a r l q u i s t  1 9 7 4 ) .  
BRACT,  PEDUNCLE, AND BRACTLET: A t  t h e  b a s e  o f  e v e r y  
p e d u n c l e  t h e r e  i s  a  l a n c e o l a t e  b r a c t .  The l a r g e s t  b r a c t s  a r e  a t  
t h e  l o w e r  p a r t  o f  t h e  r a c e m e ,  a n d  t h e  s h o r t e s t  b r a c t s  a r e  a t  t h e  
t o p .  The l o w e r  b r a c t s  a r e  g l a n d u l a r - p u b e s c e n t  o n  t h e  b a s a l  h a l f  
a n d  h a v e  a  v e s t u r e  s i m i l a r  t o  t h a t  o f  t h e  l e a f  o f  t h e  r e s p e c t i v e  
s p e c i e s  o n  t h e  d i s t a l  p a r t .  The b r a c t s  a t  t h e  m i d d l e  a n d  a t  t h e  
t o p  o f  t h e  r a c e m e  a r e  g l a n d u l a r  and  y e l l o w i s h  ( D e g e n e r  1 9 3 2  e t  
s e q . ,  D e g e n e r s  a n d  S u n a d a s  1 9 7 6 ) .  The p e d u n c l e  i s  r i g i d ,  h o l l o w ,  
a n d  f l a t t e n e d ,  w i t h  a  g l a n d u l a r - p u b e s c e n t  v e s t u r e .  T h e r e  a r e  o n e  
t o  many b r a c t l e t s  p e r  p e d u n c l e .  The b r a c t l e t  i s  p e r s i s t e n t ,  
l a n c e o l a t e ,  y e l l o w i s h ,  a n d  g l a n d u l a r - p u b e s c e n t  ( D e g e n e r  1 9 3 2  e t  
s e q . )  . 
INVOLUCRE: The i n v o l u c r e  i s  b r o a d l y  c a m p a n u l a t e  t o  
h e m i s p h e r i c  w i t h  a  d i a m e t e r  f rom 1 cm i n  - A. -- f o r b e s i i ( S t .  J o h n  
1 9 7 1 )  t o  3 . 5  c m  i n  A. m a c r o c e p h a l u m  ( D e g e n e r  1 9 3 2  e t  s e q . ) .  The 
t e r m i n o l o g y  a p p l i e d  6 y  C a r l q u i s t  (-59b) w i l l  b e  u s e d  t o  d e s c r i b e  
t h e  b r a c t s  o f  t h e  c a p i t u l u m .  The i n v o l u c r a l  b r a c t s  fo rm a  s i n g l e  
o u t e r  s e r i e s  e q u a l  i n  number t o ,  a n d  s u b t e n d i n g ,  t h e  r a y  f l o r e t s .  
The i n v o l u c r a l  b r a c t s  a r e  l i n e a r  t o  o b l a n c e o l a t e  w i t h  a t t e n u a t e  
b a s e s  and  a c u t e  t o  a c u m i n a t e  a p i c e s .  They  a r e  p a l e  g r e e n ,  
g l a n d u l a r - p u b e s c e n t  w i t h o u t ,  a n d  g l a b r o u s  a n d  s h i n y  w i t h i n .  They  
a r e  i n c u r v e d  a l o n g  t h e i r  m a r g i n s ,  p a r t l y  e n c l o s i n g  t h e  o v a r y  o f  
t h e  s u b t e n d e d  r a y  f l o r e t ,  a n d  s o m e t i m e s  t h e y  a r e  a d n a t e  t o w a r d  
t h e  b a s e  t o  t h e  i n n e r  b r a c t s  ( D e g e n e r  1 9 3 2  e t  s e q . ) .  T h e s e  i n n e r  
b r a c t s  c o n s t i t u t e  s s i n g l e  row o f  l o n g i t u d i n a l l y  c o n n a t e ,  o u t e r  
r e c e p t a c u l a r  b r a c t s  f o r m i n g  a r e c e p t a c u l a r  c u p .  With  a  p a u c i t y  
o f  r a y  f l o r e t s  ( a b s e n t  i n  D u b a u t i a  and  W i l k e s i a )  -- - -- , t h e  t r u e  
i n v o l u c r e  i s  m o r e - o r - l e s s  l a c k i n g ,  and  i t s  f u n c t i o n  i s  t a k e n  o v e r  
by  a  s i m i l a r  s t r u c t u r e ,  t h e  r e c e p t a c u l a r  cup  ( D e y e n e r  1 9 3 2  e t  
s e q . ,  K e c k  1 9 3 6 ,  C a r l q u i s t  1 9 5 9 b ) .  
RECEPTACLE: The r e c e p t a c l e  c a n  b e  c o n c a v e ,  c o n v e x y  o r  
c o n i c a l  ( G r a y  1 3 5 2 ,  H i l l e b r a n d  1 8 8 8 ,  Deyener  1 9 3 2  e t  s e q . ,  Keck 
1 9 3 6 ,  S t .  J o h n  1 9 7 1 a ,  D e g e n e r s  a n d  S u n a d a s  1 9 7 5 ) ,  and  i s  naked  
( H i l l e b r a n d  1 8 8 8 ,  Keck 1 9 3 6 ) .  
RAY FL3RET: Ray f l o r e t s ,  when t h e y  a r e  p r e s e n t ,  v a r y  f r o m  
few t o  s e v e r a l ,  and  a r e  a r r a n g e d  i n  a s i n g l e  row. They  a r e  
p i s t i l l a t e  and f e r t i l e  and  h a v e  a  t u b e  f rom 1 t o  7 mm l o n g  w i t h  a 
b r o a d ,  s p r e a d i n g  t o  r e f l e x e d  l i g u l e .  The l i g u l e  c a n  be f rom 3  t o  
7 mm l o n g  and 2 t o  5 rnm w i d e .  I t  may b e  y e l l o w  t o  p u r p l e  i n  
c o l o r  and  f rom 2- t o  4 - d e n t a t e  d i s t a l l y ,  b u t  i s  m o s t  f r e q u e n t l y  
3 - d e n t a t e .  
The r a y  achene  i s  l i n e a r ,  c u r v e d  due  t o  t h e  p e r i p h e r a l  
p o s i t i o n ,  and i s  u s u a l l y  4- t o  5 - r i b b e d ,  g l a b r o u s ,  and b l a c k i s h .  
The pappus ,  wnen p r e s e n t ,  i s  s h o r t - t r u n c a t e  and c o r o n i f o r m  o r  
r educed  t o  a  s i n g l e  s c a l e  o r  t o t a l l y  r educed  t o  an  c r o s u l a t e  
marg in  on t h e  c a r t i l a g i n o u s  a r e o l a  (Degener  1932 e t  s e q . ) .  
DISK FL3R9T: The number o f  d i s k  f l o r e t s  v a r i e s  Erom 7 5  t o  
4 0 0  p e r  c a p i t u l u m  depend ing  on t h e  s p e c i e s  (Degener  1932  e t  seq. ,  
Keck 1 9 3 6 ) .  They have  a  t u b u l a r  c o r o l l a  4-6 mm l o n g  w i t h  an  
e l o n g a t e d  l i m b  b a r e l y  widened and 5 - t o o t h e d .  The d i s t a l  p a r t  i s  
y e l l o w  t o  l a v e n d e r  depend ing  on t h e  s p e c i e s .  The t u b e  i s  
g l a b r o u s  t o  p u b e s c e n t  on t h e  o u t e r  s u r f a c e .  The s t y l e  i s  a s  l o n g  
a s ,  o r  l o n g e r  t h a n ,  t h e  c o r o l l a .  The s t y l e  b r a n c h e s  a r e  l i n e a r ,  
f l a t ,  and widened a t  t h e  c o n i c a l  end .  The a n t h e r s  a r e  o b t u s e  a t  
t h e  b a s e  and a r e  appendaged (Degener  1932 e t  s e q . ,  Keck 1936,  S t .  
John  1 9 7 1 a ) .  
The d i s k  a c h e n e  i s  more -o r - l e s s  5 - - r ibbed  and s t r a i g h t  i f  
from n e a r  t h e  c e n t e r  of  t h e  c a p i t u l u m ,  b u t  c u r v e d  i f  from n e a r  
t h e  p e r i p h e r y .  They a r e  s i m i l a r  t o  r a y  a c h e n e s  i n  s i z e .  The 
pappus i s  p e r s i s t e n t  o r  d e c i d u o u s ,  o f  3-6 s h o r t ,  b r o a d ,  u n e q u a l ,  
a c u t e  s c a l e s  (Degener  1932 e t  s e q . ) .  
D i s t r i b u t i o n  -- and H a b i t a t  o f  Argyroxiphium 
- -  
The g e n u s  Argyroxiphium i s  endemic t o  t h e  i s l a n d s  o f  Nawai' i 
and Maui, and t h e  d i s t r i b u t i o n s  s f  s p e c i e s ,  v a r i e t i e s ,  o r  e v e n  
p o p u l a t i o n s  o f  a  p a r t i c u l a r  s p e c i e s  a r e  s e v e r e l y  r e s t r i c t e d .  The 
Yauna Kea s i l v e r s w o r d  ( A .  s andwicense  s . s . )  h a s  been  r e p o r t e d  on 
- 
Mauna Kea, Mauna Loa,  a n a  H u a l a l a i ,  H a w a i ' i  a t  e l e v a t i o n s  r a n g i n g  
Erom 2134 t o  3658 rn ( H i l l e b r a n d  1 8 8 8 ) .  However, i t  i s  now known 
t h a t  even  spec imens  r e f e r r e d  t o  by Keck ( 1 9 3 6 )  a s  A. s andwicense  
a c t u a l l y  r e p r e s e n t  A. kauense  ( c f .  Rock and- Neal  1 9 5 7 ) .  
H i l l e b r a n d  ( 1 8 8 8 ) ,  ~ i l s o n  ( 1 9 1 9 ) ,  and l a t e r  a u t h o r s  have  p r o b a b l y  
based  t h e i r  c o n c l u s i o n s  r e g a r d i n g  t h e  o c c u r r e n c e  o f  A. 
s andwicense  on Mauna Loa on Doug la sg  o b s e r v a t i o n  of  J a n u a r y  28,  
1834 ,  d u r i n g  h i s  a s c e n t  o f  Mauna Loa: " I  p roceeded  f o r  an hour  
l o n g e r ,  t o  what migh t  b e  c a l l e d  t h e  L i n e  o f  S h r u b s ,  and a t  two 
m i l e s  and a  h a l f  f u r t h e r  o n ,  encamped f o r  t h e  n i g h t .  We 
c o l l e c t e d  some s m a l l  stems o f  a  h e a t h - l i k e  p l a n t ,  wh ich ,  w i t h  t h e  
d r i e d  s t a l k s  o f  t h e  same s p e c i e s  o f  Compos i tae  which I o b s e r v e d  
on Mouna Kuah, a f f o r d e d  a  t o l e r a b l y  good f i r e . "  
I t  i s  q u i t e  p r o b a b l e  t h a t  Doug la s ,  l i k e  Keck, saw o n l y  
v e g e t a t i v e  spec imens  o f  t h e  s i l v e r s w o r d s  from Mauna Loa and 
m i s t a k e n l y  c o n s i d e r e d  them t h e  same a s  spec imens  from Mauna Kea, 
when a c t u a l l y  t h e y  r e p r e s e n t e d  t h e  s t i l l  u n d e s c r i b e d  ( a t  t h a t  
t i m e )  t a x o n ,  A. kauense .  A l t h o u s h  H i l l e b r a n d  ( 1 8 8 8 )  l i s t s  2 
---- 
H u a l a l a i  a s  a l o c a t i o n  where A.  sandwicense  - o c c u r s ,  a p p a r e n t l y  no 
spec imens  o f  any  s i l v e r s w o r d  from t h e r e  have been  p r e s e r v e d .  
F u r t h e r m o r e ,  e v e n  i f  H i l l e b r a n d  had had t i r  s t - h a n d  o b s e r v a t i . o n s ,  
i t  is  p r o b a b l e  t h a t  h e ,  l i k e  Douglas  and Keck, would have 
c o n f u s e d  i t  w i t h  r e l a t e d  t a x a  s u c h  a s  - A. ---- kauense .  
Argyroxiphium sandwicense  S .S .  h a s  been  o b s e r v e d  growing 
- - 
m o s t l y  n e a r  o r  on e l e v a t e d  v o l c a n i c  r o c k s  on a r e a s  o f  twen ty  t o  
t h i r t y  p e r c e n t  s l o p e  (Meyra t  u n p u b l i s h e d ) .  C u r r e n t l y ,  t h 2  Mauna 
Kea s i l v e r s w o r d  is known o n l y  f rom t h e  idai luku d r a i n a g e ,  a t  an 
e l e v a t i o n  o f  2820 m ,  on Mauna Kea. 
Also  on H a w a i ' i ,  t h e r e  a r e ,  p r e s e n t l y ,  t h r e e  w i d e l y  
s e p a r a t e d  p o p u l a t i o n s  o f  A. kauense  known. One i s  l o c a t e d  n e a r  
Xahuku Ranch i n  t h e  KaTu F o r e s t  Rese rve  on  Mauna Loa a t  a n  
e l e v a t i o n  o f  1829 m (Rock and  Neal  1957 ,  Degeners  and Sunadas  
1 9 7 6 ) .  The second p o p u l a t i o n  i s  l o c a t e d  i n  a  k ipuka  found e a s t  
o f  Power L ine  Road g o i n g  t o  Kipuka 'A inahou ,  a t  a n  e l e v a t i o n  o f  
1646 m ( J ames  J a c o b i  p e r s o n a l  communica t ion ) .  Both a r e a s  a r e  
b o g - l i k e ,  b u t  t h e  t o p o g r a p h y  o f  t h e  former  is  more i r r e g u l a r  and 
more s t e e p l y  i n c l i n e d  t h a n  t h e  l a t t e r  which i s  a l m o s t  f l a t  . The 
t h i r d  known p o p u l a t i o n  o c c u r s  a t  an e l e v a t i o n  o f  2195 t o  2744 m ,  
a t  Kapspa la  on  Mauna Loa ( L a n d g r a f  1973 ,  U .  S. N a t i o n a l  Pa rk  
1 9 7 4 ) .  
Argyroxiphium - macrocephalum i s  a  t a x o n  v e r y  s i m i l a r  t o  t h e  
Mauna Kea s i l v e r s w o ? d  and i s  c o n f i n e d  t o  H a l e a k a l a  C r a t e r ,  e a s t  
Maui, f rom e l e v a t i o n s  o f  2134 t o  2743 m. Accord ing  t o  Kobayashi  
( 1 9 7 3 b ) ,  t h i s  s p e c i e s  grows m o s t l y  on t h e  o u t e r  s l o p e s  o f  d a r k  
c i n d e r  c o n e s  and b reached  c o n e s ,  o r  on t h e  o u t 2 r  and i n n e r  s l o p e s  
o f  r e d  c i n d e r  c o n e s .  P l a n t s  a r e  a l s o  c o n c e n t r a t e d  a t  t h e  f o o t  o f  
e l e v a t e d  b o u l d e r s  f rom b r e a c h e d  c o n e s  and on t h e  windward e d g e s  
o f  r e d  l a v a  f l o w s .  
Two s p e c i e s  o f  t h e  q reensword  complex qrow on  e a s t e r n  Maui. 
~ r ~ ~ r o x i ~ h i i m  f o r b e s i i  o c c u r s  on t h e  n o k t h e a s t e r n  s l o p e  o f  
H a l e a k a l a  C r a t e r ,  a c r o s s  t h e  d i v i d e  from Kipahu lu  V a l l e y  ( S t .  
John  1 9 7 1 a ) .  H i l l e b r a n d  ( 1 8 8 8 )  r e p o r t e d  A. v i r e s c e n s  v a r .  
v i r e s c e n s  f rom e l e v a t i o n s  o f  2438 t o  2743 m on  c l i f f s  o f  K o ' o l a u  
Gap o f  t h e  n o r t h w e s t e r n  s l o p e  o f  H a l e a k a l a  C r a t e r ,  b u t  t h i s  t a x o n  
a p p e a r s  t o  be no l o n g e r  e x t a n t  ( F o s b e r g  and H e r b s t  1 9 7 5 ) .  
Argyroxiphium v i r e s c e n s  v a r .  p a l u d o s a  grows o n  t h e  r i d g e  be tween  
Xipahu lu  and Kuhiwa v a l l e y s ,  a t  e l e v a t i o n s  o f  1235 t o  1950  m, on 
- .  
s m a l l ,  f l a t ,  boggy a r e a s  below Wai Anapanapa Lake (St. S o h n  
l 9 7 l a ) .  
The o t h e r  s p e c i e s  o f  g r e e n s w o r d s  a r e  found i n  f l a t ,  boggy 
a r e a s  on t h e  m o u n t a i n s  o f  West Maui. Arqyroxiphium c a l i g i n i . 7  
-- - - --..-- -
grows a t  an  e l e v a t i o n  of  a b o u t  1646 m on M t .  ~ k e  and P u ' u  K u k u i  
and s h a r e s  i t  h a b i t a t  w i t h  A. graxanum whfch h a s  been  r e p o r t e d  
- -- 
from e l e v a t i o n s  o f  1219 t o  19T0 m (Keck 1 9 3 6 ) .  
From t h e  f o r e g o i n g  i t  c a n  be  o b s e r v e d  t h a t  t h e  h a b i t a t  o f  
g r e e n s w o r d s  i s  somewhat d i f f e r e n t  t h a n  t h a t  o f  t h e  s i l v e r s w o r d s .  
However, one  f e a t u r e  t h a t  c h a r a c t e r i z e s  b o t h  h a b i t a t s  i s  t h e  
a b s e n c e  o r  p a u c i t y  o f  an  o v e r s t o r y .  A r g y r o x ~ h i u m  -- ---- a p p a r e n t l y  
c a n n o t  s u r v i v e  under  a  c l o s e d  canopy.  
A d a p t a t i o n s  - of A r g y r o x i p h i u m  t o  -- i t s  E n v i r o n m e n t  
ADAPTATIONS OF ARGYROXI PH I U M  TO A N  A L P I N E  
ENVIRONMENT--Germination: 3 n l y  a b o u t  f i v e  t o  t w e n t y - f i v e  p e r c e n t  
o f  t h e  s e e d s  o f  t h e  H a l e a k a l a  s i l v e r s w o r d  a r e  v i a b l e  ( U .  S .  
N a t i o n a l  P a r k  S e r v i c e  1 9 6 8 ,  K o b a y a s h i  1 9 7 3 b ) .  They d e s c r i b e  
l i v i n g  e m b r y o s  o f  A r g y r o x i p h i u m  a s  w h i t e  a n d  s u c c u l e n t ,  a n d  
n o n - l i v i n g  e m b r y o s  a s  f l a t  a n d  brown. I n  t h e  r i g h t  c o n d i t i o n s ,  
g e r m i n a t i o n  i s  o b t a i n e d  w i t h i n  e i g h t  d a y s ,  and  a f t e r  s i x  weeks  
may r e a c h  s e v e n t y - f i v e  p e r c e n t  ( U .  S.  N a t i o n a l  P a r k  S e r v i c e  
1 9 6 8 ) .  
A l t h o u g h  l i g h t  h a s  b e e n  c l a i m e d  t o  i n h i b i t  g e r m i n a t i o n  ( U .  
5 .  N a t i o n a l  P a r k  S e r v i c e  1 9 6 8 ) ,  S i e g e l  e t  a l .  ( 1 9 7 0 )  i n t e r p r e t  
t h i s  i n h i b i t i o n  as  t h e  r e s u l t  o f  l o c a l  h e a t i n g .  S i e g e l  e t  a l .  
( 1 9 7 0 )  and K o b a y 3 s h i  ( l 9 7 3 b )  f o u n d  t h a t  g e r m i n a t i o n  i s  a d v e r s e l y  
a f f e c t e d  when t h e  t e m p e r a t u r e  e x c e e d s  30°C,  s u g g e s t i n g  t h a t  
s i l v e r s w o r d  s e e d s  a r e  n o t  a s  r e s i s t a n t  t o  h i g h  t e m p e r a t u r e s  a s  
m i g h t  b e  e x p e c t e d  c o n s i d e r i n g  g r o u n d  t e m p e r a t u r e s  w i t h i n  t h e  
C r a t e r .  However ,  K o b a y a s h i  ( 1 9 7 3 b )  f o u n d  t h a t  g r o u n d  
t e m p e r a t u r e s  n e v e r  e x c e e d  32°C w i t h i n  c i n d e r  f r a g m e n t s  e v e n  
d u r i n g  t h e  h o t t e s t  and  d r i e s t  d a y s  o f  summer. A l s o ,  h e  f o u n d  
t h a t  i n  w i n t e r  t i m e ,  when t h e  wind d i s p e r s e s  t h e  s e e d s  a n d  a t  t h e  
same time c o n s o l i d a t e s  t h e  s u r f a c e  f r a g m e n t s ,  t h e  maximum 
t e m p e r a t u r e  n e v e r  e x c e e d s  2 3 O C  w i t h i n  a n y  t y p e  o f  f r a g m e n t .  
However ,  l o o s e  c i n d e r  a n d  b a r e  s a n d  had t e m p e r a t u r e  maxima 
r a n g i n g  f rom 3 1 °  t o  47OC. From e x p e r i m e n t a l  d a t a ,  K o b a y a s h i  
( l 9 7 3 b )  f o u n d  t h a t  f o u r  y e a r  o l d  s e e d s  a r e  s t i l l  a b l e  t o  g r o w .  
However ,  t h e r e  i s  a  marked  r e d u c t i o n  i n  v i a b i l i t y  e a c h  y e a r .  
K o b a y a s h i ,  i n  h i s  e x t e n s i v e  e x p e r i m e n t a l  s t u d i e s ,  a l s o  f o u n d  t h a t  
i n  s u b s t r a t e s  whose  m o i s t u r e  c o n t e n t  i s  b e l o w  o n e - h a l f  f i e l d  
c a p a c i t y ,  t h e r e  i s  a  s h a r p  d r o p  i n  g e r m i n a t i o n .  T h u s ,  t h e  
q u a n t i t y  o f  w a t e r  i s  o b v i o u s l y  a  v e r y  i m p o r t a n t  f a c t o r  f o r  t h e  
g e r m i n a t i o n  o f  t h i s  s p e c i e s .  I n  t h i s  r e g a r d ,  i t  i s  p r o b a b l y  
p e r t i n e n t  t o  r e c a l l  t h e  r e p o r t  o f  t h e  U .  S. N a t i o n a l  P a r k  S e r v i c e  
( 1 9 6 8 )  t h a t  w a t e r  i n  w h i c h  s i l v e r s w o r d  s e e d s  h a v e  b e e n  s o a k e d  f o r  
t w e n t y - f o u r  h o u r s  s t r o n g l y  i n h i b i t s  g e r m i n a t i o n  and  e a r l y  g r o w t h  
o f  r a d i s h  s e e d s .  M o r e o v e r ,  S i z g e l  e t  a l .  ( 1 9 7 0 )  f o u n d  i n  
s i l v e r s w o r d  s e e d s  a  m o n o p h e n o l i c  a l d e h y d e  o r  k e t o n e  w h i c h  
i n h i b i t s  g e r m i n a t i o n  o f  s e e d s  o f  l e t t u c e  and  f i v e  o t h e r  s p e c i e s  
w i t h  n o n - s e l e c t i v e  a c t i o n  upon c o m p o s i t e s  o r  non-composi  t e s .  
P o s s i b l y ,  u n d e r  f i e l d  c o n d i t i o n s ,  s i l v e r s w o r d  s e e d s  would  
g e r m i n a t e  o n l y  i f  t h i s  i n h i b i t o r  i s  washed o u t  f rom t h e  s e e i i s  and  
l e a c h e d  away b y  r a i n f a l l .  
S e e d l i n g :  The s e e d l i n g s  o f  A r g y r o x i p h i u m  - d i f f e r  f rom t h e  
a d u l t  s t a g e s  i n  two m a i n  a s p e c t s .  F i r s t ,  t h e  s e e d l i n g  and  
j u v e n i l e  l e a v e s  o f  t h e  H a l e a k a l a  s i l v e r s w o r d  a p p a r e n t l y  d o  n o t  
c o n t a i n  p e c t i c  m a t e r i a l  f i l l i n g  t h e  i n t e r c e l l u l a r  s p a c e s  o f  t h e  
m e s o p h y l l  p a r e n c h y m a  a s  f o u n d  i n  t h e  a d u l t  s t a g e s .  N e v e r t h e l e s s ,  
,he r e s i s t a n c e  o f  young s e e d l i n g s  t o  d e s s i c a t i o n  i s  i m p r e s s i v e ,  
s i n c e  p l a n t s  grown a t  H a w a i i  V o l c a n o e s  N a t i o n a l  P a r k  h a v e  b e e n  
known t o  r e c o v e r  f u l l y  f r o m  a  w i l t e d ,  p r o s t r a t e  c o n d i t i o n  when 
w a t e r e d  a f t e r  a  p e r i o d  o f  d e s s i c a t i o n  ( U .  S. N a t i o n a l  P a r k  
S e r v i c e  1 9 6 8 ) .  The s e c o n d  way i n  w h i c h  s e e d l i n g s  d i f f e r  f r o m  
a d u l t s  i s  t h a t  t h e  f o r m e r  h a v e  t h e i r  l e a v e s  a r r a n g e d  i n  p a i r s  
( o p p o s i t e )  w h e r e a s  t h e  l a t t e r  h a v e  them a r r a n g e d  s p i r a l l y .  
O p p o s i t e  l e a v e s  h a v e  b e e n  o b s e r v e d  i n  s e e d l i n u s  o f  A .  
mHcrocephalum,  . s a n d w i c e n s e  - s.s . ,  - A. v i r e s c e n s  v a r  . 2 E a l u d o s ~ ,  ----- 
and - A. k a u e n s e  - ( c a r l q u i s t  1 9 5 7 ,  ~ e ~ r a t - u n p u b l i s h e a ) .  
From e x p e r i m e n t a l  d a t a  and  f i e l d  o b s e r v a t i o n s ,  K o b a y a s h i  
( 1 9 7 3 b )  f o u n d  t h a t  t h e  s e e d l i n g s  o f  t h e  H a l e a k a l a  s i l v e r s w o r d  
s u r v i v e  b e s t  i n  a s u b s t r a t e  c o m p r i s i n g  a  s a n d y  l a y e r  o v e r t o p p e d  
b y  a  l a y e r  o f  t a b u l a r  f r a g m e n t s  a t  a  s l o p e  o f  t h i r t y - f i v e  
d e g r e e s .  T h i s  i n c l i n a t i o n  i s  l o w  e n o u g h  t o  s t a b i l i z e  a s a n d y  
l a y e r ,  y e t  s t e e p  e n o u g h  t o  b e  s l i g h t l y  u n s t a b l e  w h i c h  m a i n t a i n s  a 
l a y e r  o f  t a b u l a r  f r a g m e n t s  n o t  t h i c k e r  t h a n  5  cm. G e n e r a l l y ,  t h e  
s e e d l i n g s  h a v e  t h e i r  r o o t s  o r i e n t e d  t o w a r d  t h e  t o p  o f  t h e  s l o p e .  
A d u l t  P l a n t :  The a l p i n e  A r g y r o x i p h i u m  f o u n d  i n  H a l e a k a l a  
h a s  a  s i m p l e ,  s h o r t  (3 -10  cm), t h i c k  ( 2 - 5  c m ) ,  and  e r e c t  s t e m  
( D e g e n e r  1 9 3 2  e t  s e q . ) .  Coe ( 1 9 6 7 )  e x p l a i n s  t h a t  t h e  r o o t ,  a t  
l o w  t e m p e r a t u r e s ,  a b s o r b s  w a t e r  v e r y  s l o w l y .  T h u s ,  i t  i s  a n  
a d v a n t a g e  f o r  a l p i n e  p l a n t s  t o  d e v e l o p  s h o r t  stems, n o t  o n l y  
b e c a u s e  o f  t h e  r e d u c e d  d i s t a n c e  t h a t  w a t e r  m u s t  b e  t r a n s p o r t e d  t o  
t h e  l e a v e s ,  b u t  a l s o  b e c a u s e  t h e  d a n g e r  o f  f r e e z i n g  may a l s o  b e  
l o w e r e d .  The t h i c k n e s s  o f  t h e  stem may b e  e x p l a i n e d  o n  t h e  b a s i s  
o f  c o n t i n u a l  c a m b i a l  a c t i v i t y  b e c a u s e  o f  s m a l l  s e a s o n a l  
t e m p e r a t u r e  v a r i a t i o n  ( C a r l q u i s t  1 9 6 6 a ) .  A r g y r o x i p h i u m  - s p e c i e s  
d o  n o t  p r o d u c e  t h i c k  l a y e r s  o f  b a r k .  However ,  t h e y  d o  a c c u m u l a t e  
t h i c k  s h e a t h s  o f  d r y ,  d e a d  l e a v e s ,  a n  a d a p t a t i o n - w h i c h  h a s  b e e n  
r e p o r t e d  a s  a n  i n s u l a t i o n  mechan i sm i n  o t h e r  a l p i n e  p l a n t s  by  
Hedberg  ( 1 9 6 4 ) .  
A r g y r o x i p h i u m  s p e c i e s  p r e s e n t  t h e i r  numerous  l e a v e s  
h e l i c o i d a l l y  a r r a n g e d  i n  a c o m p a c t  s p h e r i c a l  r o s e t t e .  T h i s  
a r r a n g e m e n t  o f  l e a v e s  i s  l i k e l y  a n  a d a p t a t i o n  t o  t h e  a l p i n e  
e n v i r o n m e n t  by  r e t e n t i o n  o f  j u v e n i l e  c h a r a c t e r i s t i c s  ( C a r l q u i s t  
1 9 7 4 ) .  L i t t l e  e l o n g a t i o n  o f  t h e  stem r e s u l t s  i n  c rowded  l e a v e s  
a t  i t s  d i s t a l  e x t r e m e  a n d  i n  t h e  s u p p r e s s i o n  o f  a n y  a x i l l a r y  
b u d s .  T h i s  i s  a n  a d v a n t a g e  f o r  t h e  m o n o c a r p i c  p l a n t  i n  t h a t  i t  
p r o v i d e s  p r o t e c t i o n  f r o m  f r o s t  and  d e s s i c a t i o n  f o r  a  s i n g l e  
t e r m i n a l  bud .  I t  h a s  b e e n  r e p o r t e d  by Hedberg  ( 1 9 6 9 )  t h a t  
S e n e c i o  k e n i o d e n d r o n  shows a n  a n n u a l  i n c r e a s e  i n  h e i g h t  o f  o n l y  
-
2 . 5  ~ r n :  
The a d v a n t a g e s  o f  r o s e t t e  p l a n t s  i n  a l p i n e  e n v i r o n m e n t s  h a v e  
S e e n  d e m o n s t r a t e d  by d i f f e r e n t  a u t h o r s .  Coe ( 1 9 6 7 )  r e p o r t s  t h a t  
t h e  h u m i d i t y  o f  t h e  a i r  i n  a l p i n e  c o n d i t i o n s  c h a n g e s  v i o l e n t l y  
f r o m  n i n e t y  p e r c e n t  e a r l y  i n  t h e  m o r n i n g  t o  b e l o w  t w e n t y  p e r c e n t  
i n  b r i g h t ,  u n o b s c u r e d  s u n l i g h t .  H e  p o i n t s  o u t  t h a t  t h e  l e a v e s  o f  
a  r o s e t t e  p l a n t  would  l i e  w i t h i n  a  s p h e r e  o f  h i g h  a n d  more  
c o n s t a n t  h u m i d i t y  a n d ,  a s  a  r e s u l t ,  w a t e r  l o s s  f rom t h e  p l a n t  by  
t r a n s p i r a t i o n  would  b e  g r e a t l y  r e d u c e d .  
C a r l q u i s t  ( 1 9 7 4 )  m e n t i o n e d  t h a t  a l l  S e n e c i o s  a n d  L o b e l i a s  
a r e  a b l e  t o  c l o s e  t h e i r  l e a f  r o s e t t e s  a t  n i g h t  and  o p e n  them 
d u r i n g  t h e  d a y .  A r g y r o x i p h i u m  s p e c i e s  may a l s o  r e s p o n d  i n  t h i s  
manner  a s  i s  s u g g e s t e d  b y  t h e  o b s e r v a t i o n  o f  t h e  U.  S.  N a t i o n a l  
P a r k  S e r v i c e  ( 1 9 6 8 )  t h a t  t h e  l e a v e s  o f  A. k a u e n s e  would  d r o o p  
w h i l e  t h e  s u n  was s h i n i n g  d i r e c t l y  o n  them, b u t  i n t h e  a f t e r n o o n  
when t h e  p l a n t .  was i n  t h e  s h a d e ,  t h e  l e a v e s  would s t r a i g h t e n  u p  
a g a i n .  A l t h o u g h  t h e  r o s e t t e s  may o p e n  and c l o s e  i n  t h i s  m a n n e r ,  
t h e  c e n t r a l  g r o w i n g  p o i n t  o f  t h e  r o s e t t e  i s  a l w a y s  e i g h t l y  
e n s h e a t h e d  by young l e a v e s  w h i c h  r e m a i n  f o l d e d  u n t i l  t h e  
i n f l o r e s c e n c e  i s  f o r m e d .  
I n  A f r i c a n  r o s e t t e  p l a n t s ,  Hedberg  ( 1 9 6 4 )  o b s e r v e d  t h a t  o n  
c o l d  m o r n i n g s ,  when t h e  a m b i e n t  a i r  t e m p e r a t u r e  was b e l o w  
f r e e z i n g  ( - 4 O C ) ,  t h e  t e m p e r a t u r e  i n s i d e  r o s e t t e s  o f  - S e n e c i o  ---- 
k e n i o d e n d r o n  - and S e n e c i o  - b r a s s i c a  was a b o v e  f r e e z i n g  (+1.8O and 
+1.5OC, r e s p e c t i v e l y ) .  F u r t h e r m o r e ,  Coe ( 1 9 6 7 ) ,  w o r k i n g  w i t h  
L o b e l i a s  a n d  S e n e c i o s ,  r e p o r t e d  t h a t  when t h e  a m b i e n t  a i r  
t e m p e r a t u r e  f e l l  t o  -5OC, t h e  t e m p e r a t u r e  a m o n g s t  t h e  o u t e r  
l e a v e s  was - l ° C  w h i l e  t h e  c e n t r a l  l e a f y  c y l i n d e r  r e m a i n e d  a t  up  
t o  2 '2 a b o v e  f r e e z i n g  t h r o u g h o u t  t h e  n i g h t .  
Many a l p i n e  p l a n t s  s h a r e  t h e  c h a r a c t e r i s t i c  o f  h a v i n g  l e a v e s  
c o v e r e d  b y  v e r y  d e n s e  v e s t u r e .  C a r l q u i s t  ( 1 9 5 7 )  a s sumed  t h a t  t h e  
s p e c i a l  v e s t u r e  o f  a l p i n e  A r g y r o x i p h i u m  s p e c i e s  i s  a n  a d a p t a t i o n  
t o  h i g h  l i g h t  i n t e n s i t y  a t  t h e s e  e l e v a t i o n s .  H e  b r o u g h t  o u t  t h e  
f a c t  t h a t  t h e  H a l e a k a l a  s i l v e r s w o r d  l e a v e s  h a v e  t h i c k - w a l l e d  
r  i c h o m e s  w i t h  f l a t t e n e d  e n d s .  T h e s e  f l a t t e n e d  h a i r s  a r e  
p o s s i b l y  t h e  c a u s e  o f  t h e  u n u s u a l  s h e e n  o f  t h e  l e a v e s  which  may 
f u n c t i o n  a s  a  p r o t e c t i v e  mechan i sm by r e f l e c t i n g  e x c e s s i v e  
s u n l i g h t .  A c c o r d i n g  t o  Hedberg  ( 1 9 6 4 ) ,  C a r l q u i s t  ( 1 9 7 4 ) ,  a n d  Coe 
( 1 9 6 7 ) ,  h a i r y  v e s t u r e  i n s u l a t e s  a l p i n e  p l a n t s  a g a i n s t  s u b - z e r o  
t e m p e r a t u r e s .  The h a i r s  may a l s o  be i m p o r t a n t  i n  t h e  w a t e r  
economy o f  t h e s e  p l a n t s ,  f o r  w h e r e  a  l a y e r  o f  r e l a t i v e l y  iminob i l e  
a i r  is  t r a p p e d  a b o v e  t h e  l e a f  s u r f a c e ,  t r a n s p i r a t i o n  l o s s e s  w i l l  
b e  c o n s i d e r a b l y  r e d u c e d  ( C o e  1 9 6 7 ) .  
The l e a v e s  o f  A r g y r o x i p h i u m  i n  a l p i n e  s i t e s  p o s s e s s  a 
p r o m i n e n t  c u t i c l e  a n d  t h i c k - w a l l e d  e p i d e r m a l  c e l l s .  T h e s e  
s p e c i e s  a l s o  h a v e  t h r e e  l a y e r s  o f  p a l i s a d e  c e l l s  o n  t h e  a d a x i a l  
p a r t  o f  t h e  l e a f  a n d  two l a y e r s  o f  p a l i s a d e  c e l l s  o n  t h e  a b a x i a l  par t i o n .  I n  t h e  ~ u b a u t i a ~ ~ r ~ ~ r o x i ~ h i u m - ~ i l k e s i a  ----- c o m p l e x  o n l y  
A r g y r o x i p h i u m  and some D u b a u t i a  s p p .  s u c h  a s  D .  n e n z i e s i i  g r o w i n g  
i n  t h e  same a l p i n e  e n v i r o n m z n t  h a v e  a d a x i a l  a n d - a b a x i a i - p a l i s a d e  
c e l l s .  I t  was a l s o  f o u n d  t h a t  - A r g ~ x i p h i u m  h a s  t h r e e  s e t s  o f  
v a s c u l a r  b u n d l e s  i n  t h e  l e a f .  The u p p e r  and  t h e  m i d d l e  s e t s  a r e  
n o r m a l ,  b u t  t h e  l o w e r  i s  i n v e r t e d  w i t h  r e s p e c t  t o  t h e  o r i e n t a t i o n  
o f  xylem and ph loem.  T h u s ,  t h e  h i g h l y  s p e c i a l i z e d  p a l i s a d e  
l a y e r s  a n d  v a s c u l a r  b u n d l e s ,  a n d  t h e i r  c l o s e  r e l a t i o n s h i p  l e a d  t 3  
t h e  c o n c l u s i o n  t h a t  t h e s e  p l a n t s  p o s s e s s  a  h i g h l y  e f f i c i e n t  
p h o t o s y n t h e t i c  a p p a r a t u s  ( C a r l q u i s t  1 9 5 7 ) .  
C a r l q u i s t  ( 1 9 5 7 )  f o u n d  t h a t  e v e r y  A r g y r o x i p h i u m  h e  s t u d i e d  
had l o o s e l y - a r r a n g e d  m e s o p h y l l  p a r e n c h y m a  w i t h  i n t e r c e l l u l a r  
s p a c e s  c o m p l e t e l y  o r  p a r t l y  f i l l e d  w i t h  h y d r o p h i l i c  pec t i c  g e l .  
A s  t h e s e  m a t e r i a l s  a r e  p r e s e n t  i n  c h a n n e l s  o f  t h e  m e s o p h y l l  w h i c h  
r u n  t h e  l e n g t h  o f  t h e  l e a f  b e t w e e n  t h e  v e i n  s h e a t h  e x t e n s i o n s ,  
t h e y  w e r e  t e r m e d  " p e c t i c  c h a n n e l s . "  T h e s e  p e c t i c  c h a n n e l s  a r e  a  
x e r o m o r p h i c  a d a p t a t i o n  w h i c h  a l l o w s  w a t e r  s t o r a g e  f rom o n e  r a i n y  
s e a s o n  t o  t h e  n e x t  ( C a r l q u i s t  1 9 5 7 ) .  
ADAPTATIONS ASSOCIATED WITH ECOLOGICAL SHIFT3 I N  
ARGYROXIPHIUM: A r g y r o x i p h i u m  g r a y a n u m  h a s  b e e n  r e p o r t e d  a t  a n  
e l e v a t i o n  o f  1 2 1 9  m ,  and  t h e  o t h e r  s p e c i e s  o f  t h e  g e n u s  h a v e  b e e n  
r e p o r t e d  a b o v e  t h i s  a l t i t u d e  t o  a b o u t  3050 m .  I t  i s  p o s s i b l e  
t h a t  A. s a n d w i c e n s e  DC. s .s .  e x t e n d s  t o  h i g h e r  e l e v a t i o n s ,  b u t  
- - 
s u c h  r e p o r t s  a r e  a t  b e s t  p o o r l y  d o c u m e n t e d .  I n  c o m p a r i s o n ,  t h e  
a l t i t u d i n a l  g r a d i e n t  o c c u p i e d  by W i l k e s i a  i s  a b o u t  305 t o  1 0 6 7  m, 
w h i l e  t h a t  o f  D u b a u t i a  i s  a b o u t  305 t o  3110  m .  
-
The p r e s e n c e  o f  p e c t i c  c h a n n e l s ,  t h e  p r e s e n c e  o f  a d a x i a l  and  
a b a x i a l  p a l i s a d e  w i t h  m u l t i p l e  l a y e r s  o f  c e l l s ,  a n d  t h e  i n v e r t e d  
l o w e r  v a s c u l a r  b u n d l e s  i n  t h e  l e a f  i n  a l l  t h e  s p e c i e s  o f  
A r g y r o x i p h i u m  - s t u d i e d  s o  f a r ,  p o i n t  t o  a  common a n c e s t o r  a d a p t e d  
t o  a  d r y  a l p i n e  h a b i t a t  ( c f .  C a r l q u i s t  1 9 5 7 ,  C a r l q u i s t  1 9 7 4 ) .  
A l l  A r g y r o x i p h i u m  s p e c i e s  h a v e  s h o r t  v e s s e l  e l e m e n t s  w h i c h  i s  
a n o t h e r  x e r o m o r p h i c  c h a r a c t e r i s t i c ,  a n d  t h e  f a c t  t h a t  bog s p e c i e s  
a v e  o n l y  s l i g h t l y  l o n g e r  v e s s e l  e l e m e n t s  s u g g e s t s  t h a t  
A r g y r o x i p h i u m  s p e c i e s  f r o m  t h e  b o g s  r e p r e s e n t  o n l y  a r e c e n t  s h i f t  
f r o m  d r i e r  a r e a s  ( C a r l q u i s t  1 9 7 4 ) .  S p e c i e s  which  a p p e a r  i n  
wetter a r e a s ,  b e l o w  t h e  i n v e r s i o n  l a y e r  ( 2 1 3 4  m ) ,  a r e  a l n o s t  
g l a b r o u s  w i t h  t h e  e x c e p t i o n  o f  A .  c a l i g i n i s ,  w h i c h  i n  c o n t r a s t  t o  
t h e  H a l e a k a l a  s i l v e r s w o r d ,  h z s  a  t h i n  c u t i c l e ,  t h i n - w a l l e d  
e p i d e r m a l  c e l l s ,  a n d  t r i c h o m e s  w h i c h  a r e  n o t  f l a t t e n e d  a t  t h e  
e n d .  A n o t h e r  c o n t r a s t i n g  f e a t u r e  i n  A .  c a f i g i n i s  - i s  t h e  p r e s e n c e  
o f  h y d a t h o d e s  i n  t h e  l e a v e s  w h i c h - p e r m ~ t  e x p u l s i o n  o f  e x c e s s  
w a t e r .  
A r g y r o x i p h i u m  - v i r e s c e n s  v a r .  v i r e s c e n s  -- i s  a  w e a k l y  b r a n c h i n g  
t a x o n  w i t h  c e r t a i n  f e a t u r e s  s i m i l a r  t o  t h e  H a l e a k a l a  s i l v e r s w o r d ,  
i t s  p u t a t i v e  a n c e s t o r .  However ,  ( i f  s t i l l  e x t a n t )  i t  o c c u r s  i n  
w e t t e r  c l o u d s w e p t  s i t e s  o f  K o ' o l a u  Gap,  a n d  d i f f e r s  f r o m  i t s  
p u t a t i v e  a n c e s t o r  i n  h a v i n g  l e s s  p u b e s c e n t  l e a v e s  ( D e g e n e r  1 9 3 0 )  
w i t h  , two ,  r a t h e r  t h a n  t h r e e ,  l a y e r s  o f  p a l i s a d e  c e l l s  o n  t h e  
a d a x i a l  p o r t i o n  ( C a r l q u i s t  1 9 5 7 ) .  I t  i s  p o s s i b l e  t h a t  - A .  
v i r e s c e n s  v a r .  v i r e s c e n s  g a v e  r i s e  t o  A.  f o r b e s i i  a n d  4, 
v i r e s c e n s  -- v a r .  p a l u d o s a  ( S t .  J o h n  1 9 7 2 ) ,  a n d  a i s o  p o s s i b l y  g a v e  
r i s e  t o  - A. g r a y a n u m  ( C a r l q u i s t  1 9 5 7 ) .  I n  c o m p a r i s o n ,  A .  grayanurn 
and  A.  v i r e s c e n s  v a r .  p a l u d o s a  h a v e  b r o a d e r  and f l a t t e r  l e a v e s  
a n d  are more  h i g h l y  b r a n c h e d  t h a n  a A. ----- v i r e s c e n s  v a r .  v i r e s c e n s .  -- ---- 
Coe ( 1 9 6 7 )  o b s e r v e d  t h a t  S e n e c i o  -- k e n i o w t u m  - shows  a n  
i n c r e a s e  o f  h a i r i n e s s  a n d  e p i d e r m a l  p i g m e n t a t i o n  c o n c o m i t a n t  w i t h  
a l t i t u d e .  Two p l a n t s  o f  Mauna Kea s i l v e r s w o r d  e x h i b i t e d  h i g h  
e p i d e r m a l  p i g m e n t a t i o n  ( p o s s i b l y  a n t h o c y a n i n )  i n  a  p o p u l a t i o n  o f  
a b o u t  t h i r t y - f i v e  p l a n t s  a t  2866 m ( M e y r a t  u n p u b l i s h e d ) .  
However,  H a l e a k a l a  s i l v e r s w o r d s  g r o w i n g  a t  2134 m e x h i b i t e 3  
p i g m e n t a t i o n  o n l y  i n  d r y i n g  l e a v e s  and  b r a c t s  f r o m  p l a n t s  which  
w e r e  f l o w e r i n g ,  o r  i n  damaged l e a v e s  o f  v e g e t a t i v e  p l a n t s .  
S e n e r a l l y ,  H a l e a k a l a  and Mauna Kea s i l v e r s w o r d s  have s h o r t  
s t ems .  However, a few p l a n t s  o b s e r v e d  i n  S i l v e r s w o r d  Loop, 
A a l e a k a l a ,  a r e  e x c e p t i o n s  t o  t h i s  r u l e ,  h a v i n g  s t e m s  30 t o  50  cm 
long  (Meyra t  u n p u b l i s h e d ) .  T h i s  may be  r e l a t e d  t o  t h e  p r e s e n c e  
o f  more m o i s t u r e  i n  t h i s  a r e a  due  t o  t h e  d a i l y  i n q r e s s i o n  o f  
c l o u d s  i n t o  K o ' o l a u  Gap. The o t h e r  s p e c i e s  o f  
w e t t e r  h a b i t a t s  have  m o s t l y  l o n g e r  s t e m s .  
sf H a l e a k a l a  s i l v e r s w o r d s  i s  t h a t  t h e y  a r e  n o r m a l l y  unbranched  
and d i e  a f t e r  f l o w e r i n g .  When t h e  r o s e t t e  o f  t.he main s tem i s  
damaged, b r a n c h i n g  may be  o b s e r v e d  even  i n  t h e  H a l e a k a l a  
s i l v e r s w o r d .  On t h e  o t h e r  hand ,  some o t h e r  s ~ e c i e s  o f  
Argyroxiphium,  e s p e c i a l l y  t h e  greenswo;ds ,  p r o d u c e  b r a n c h e s  which 
c o n t i n u e  t o  grow a f t e r  t h e  main s t em f l o w e r s  and d i e s .  Moreover ,  
i n  t h e s e  s p e c i e s ,  t h e  s tem may e l o n g a t e  c o n s i d e r a b l y .  I n  A.  
c a l i g i n i s  - t h e  r o s e t t e s  b r a n c h  a t  t h e  b a s e  and t h e s e  p r o s t r a t e  
s h o o t s  r o o t  i n  t h e  bog. T h i s  p re sumab ly  i s  a n  a d v a n t a g e ,  b e c a u s e  
few p l a n t s  have  been  s e e n  f l o w e r i n g ,  and v e g e t a t i v e  r e p r o d u c t i o n  
is  p e r h a p s  an  a d a p t a t i o n  t o  l a c k  o f  s u i t a b l e  p o l l i n a t i o n  
c o n d i t i o n s  i n  t h e  bog ( C a r l q u i s t  1957 ,  1 9 7 4 ) .  
Argyroxiphium s p e c i e s  a t  lower  e l e v a t i o n s  show a  d e c r e a s e  i n  
t h e  number o f  c a p i t u l a  p e r  i n f l o r e s c e n c e  and i n  t h e  number of  r a y  
f l o r e t s  p e r  c a p i t u l u m  as compared t o  t h o s e  o f  h i g h e r  e l e v a t i o n s .  
A l s o ,  t h e  c o l o r  o f  t h e  l i g u l e s  becomes l i g h t e r  a t  lower  
e l e v a t i o n s .  T h a t  t h i s  c o r r e l a t i o n  may be  due  t o  c e r t a i n  c h a n g e s  
i n  t h e  r e p r o d u c t i v e  s t r a t e g y  o f  t h e s e  p l a n t s  i s  i n f e r r e d  by 
C a r l q u i s t  ( 1 9 7 4 ) ,  who s u g g e s t e d  t h a t  t h e  l o s s  o f  r a y  f l o r e t s  c a n  
o c c u r  e a s i l y  i n  A s t e r a c e a e  and t h a t  t h e  c o n s p i c u o u s n e s s  o f  r a y  
f l o r e t s  i n  s p e c i e s  o f  h i g h e r  a l t i t u d e s  may b e  c o r r e l a t e d  w i t h  an 
a l p i n e  p o l l i n a t o r .  C a r l q u i s t  ( 1 9 7 4 )  a l s o  p o i n t e d  o u t  t h a t  
Argyroxiphium s p e c i e s  i n  boggy a r e a s  have  n u t a n t  c a p i t u l a  
comparab le  t o  t h o s e  o f  some E s p e l e t i a s  o f  Sou th  America and some 
~ e n e c i o s  o f  A f r i c a  i n  s i m i l a r  h a b i t a t s .  He s u g g e s t e d  t h a t  n u t a n t  
h e a d s  a r e  r e a d i l y  a c c e s s i b l e  t o  p o l l i n a t o r s  y e t  a r e  n o t  l i k e l y  t o  
f i l l  w i t h  w a t e r  which would wash p o l l e n  away and o t h e r w i s e  h i n d e r  
v i s i t i n g  i n s e c t s .  
Loss  o f  D i s p e r s i b i l i t y  i n  Argyroxiphium and i t s  A l l i e s  
- - -  - - ---- 
The d i s p e r s a l  o f  American Mad i inae  h a s  depended on b r i s t l e s  
and h a i r s  on  s m a l l  a c h e n e s  o r  s t i c k y  i n v o l u c r a l  and r e c e p t a c u l a r  
b r a c t s  which e n v e l o p  t h e  achene .  These  s p e c i a l  s t r u c t u r e s  a r e  
a d a p t a t i o n s  o f  t h e  p l a n t  t h a t  enhance  d i s p e r s a l  by a n i m a l s .  The 
ta rweed  immigrant  which g a v e  r i s e  t o  t h e  
Dubautia-Argyroxiphium-~ilkesia complex may have  a r r i v e d  by means 
of  any40f t h e  above d e s c r i b e d  s t r u c t u r e s .  However, t h e  Hawaiian 
r e p r e s e n t a t i v e s  o f  t a r w e e d s  have  some o f  t h e  l a r g e s t  a c h e n e s  i n  
t h e  Madi inae  and few o f  t h e i r  a c h e n e s  a r e  enve loped  by s t i c k y  
b r a c t s .  F u r t h e r m o r e ,  t h e  a c h e n e s  have  o n l y  a  few,  s m a l l  pappus 
s c a l e s ,  and no h a i r s  ( C a r l q u i s t  1 9 7 0 ) .  C a r l q u i s t  ( 1 9 6 6 b )  
s p e c u l a t e s  t h a t  i f  a n  immigrant  a r r i v e s  i n  an  o c e a n i c  i s l a n d  
s e t t i n g ,  and i f  i t  e v o l v e s  w i t h o u t  c o n t a c t  w i t h  t h e  a g e n t  
r e s p o n s i b l e  f o r  i t s  d i s p e r s a l ,  t h e n  t h e  d i s p e r s a l  mechanism nay  
become o f  n e u t r a l  v a l u e  i n  i t s  new l o c a t i o n .  I t  may e v e n  b e  a  
h i n d r a n c e ,  b e c a u s e  e n e r g y  m u s t  b e  e x p e n d e d  f o r  t h e  p r o d u c t i o n  o f  
d i s p e r s a l  d e v i c e s  s u c h  a s  h a i r s ,  b r i s t l e s ,  o r  s t i c k y  b r a c t s .  
T h i s  c o u l d  e x p l a i n  t h e  a p p a r e n t  l o s s  o f  t h e  d i s p e r s a l  a e c h a n i s m  
i n  t h e  A r g y r o x i p h i u m  c o m p l e x .  
-
THESIS PROPOSAL 
Macrae  c l i m b e d  Mauna Kea, H a w a i ' i  i n  1 8 2 5  and c o l l e c t e d  some 
s p e c i m e n s  o f  a  " s u p e r b  p l a n t "  ( W i l s o n  1 9 2 2 )  w h i c h  w e r e  d e s c r i b e d  
and  c l a s s i f i e d  by D e  C a n d o l l e  ( 1 8 3 6 )  a s  A r g y r o x i p h i u m  
s a n d w i c e n s e ,  t h e  t y p e  s p e c i e s  f o r  t h e  g e n u s  A r g y r o x i p h i u m .  N i n e  
---
y e a r s  l a t e r ,  Dav id  D o u g l a s  a l s o  a s c e n d e d  Mauna Kea a n d  c o l l e c t e d  
s p e c i m e n s  o f  t h e  same s p e c i e s  ( D o u g l a s  1 9 1 4 ,  W i l s o n  1 9 1 9 ,  Degener  
1 9 1 5 )  w h i c h  i n  t h e  h a n d s  o f  Hooker ( 1 8 3 7 )  w e r e  d e s c r i b e d  and 
c l a s s i f i e d  a s  A r g y r o p h y t o n  d o u g l a s i i .  T o d a y ,  t h e  l a t t e r  name i s  
-
r e c o g n i z e d  o n l y  a s  a  synonym o f  A r g y r o x i p h i u m  s a n d w i c e n s e  
- ------ ( D e g e n e r  1 9 3 2  e t  s e q . ,  Keck 1 9 3 6 ) .  
I n  1 8 5 2 ,  A. G r a y  d e s c r i b e d  a  p l a n t  c o l l e c t e d  i n  H a l e a k a l a  
C r a t e r ,  Maui and named it A r g y r o x i p h i u m  m a c r o c e p h a l u m .  - However ,  
H i l l e b r a n d  ( 1 8 8 8 )  c o n s i d e r e d  i t  a s  A. s a n d w i c e n s e  v a r .  
m a c r o c e p h a l u m ,  a n d  Keck ( 1 9 3 6 ) ,  i n  h i s  mo<ograph ic  r e v i s i o n  o f  
t h e  g e n u s ,  merged t h e  p l a n t s  f r o m  H a w a i ' i  and  Maui ,  r e c o g n i z e d  
J i n g l e  t a x o n  A .  s a n d w i c e n s e ,  a n d  r e l e g a t e d  - A. m a c r o c e p h a l u m  --- ---- and 
A .  s a n d w i c e n s e - v a r .  m a c r o c e p h a l u m  t o  synonymy. 
- 
B e f o r e  K e c k ' s  m o n o g r a p h ,  D e g e n e r  ( 1 9 3 0 )  d i s t i n g u i s h e d  two 
s p e c i e s  f r o m  d i f f e r e n t  i s l a n d s .  L a t e r ,  i n  h i s  F l o r a  H a w a i i e n s i s  
( 1 9 3 2  e t  s e q . ) ,  h e  c o n s i d e r e d  t h e  two s p e c i e s  a s  o n e ,  p o s s i b l y  
f o l l o w i n g  K e c k ' s  p o i n t  o f  v i e w  ( c f .  U .  S.  N a t i o n a l  P a r k  S e r v i c e  
1 9 6 8 ) .  However,  i n  h i s  l a s t  p u b l i c a t i o n  a b o u t  A r g y r o x i p h i u m  
------ ( D e g e n e r s  a n d  S u n a d a s  l 9 7 6 ) ,  h e  a g a i n  c o n s i d e r e d  t h e  p l a n t s  o f  
d i f f e r e n t  i s l a n d s  a s  d i f f e r e n t  s p e c i e s .  H e n c e ,  i t  c a n  be s e e n  
t h a t  t a x o n o m i s t s  d o  n o t  h a v e  a u n i f o r m  o p i n i o n  r e g a r d i n g  t h e s e  
two e n t i t i e s  o f  A r g y r o x i p h i u m .  -
Asa G r a y  ( 1 8 5 2 )  d i f f e r e n t i a t e d  h i s  new t a x o n  A .  
m a c r o c e p h a l u m  f rom A. s a n d w i c e n s e  DC. o n  t h e  b a s i s  t h a t  the 
f o r m e r  h a s  l a r g e r -  c a p i t u l a  ( 3 8  mm i n  d i a m e t e r ) ,  c o n i c a l  
r e c e p t a c l e s ,  and  l a c k s  p a p p u s .  H i l l e b r a n d  ( 1 8 8 8 )  d i s p u t e d  t h e  
l a c k  o f  p a p p u s  i n  A. m a c r o c e p h a l u m  G r a y .  However ,  h e  a c c e p t e d  
t h e  n o t i o n  t h a t  i t  K a s  l a r g e r  c a p i t u l a  ( 2 5  t o  3 8  mrn i n  d i a m e t e r )  
and  added  t h a t  t h e  t a x o n ,  a s  h e  r e c o g n i z e d  i t  ( A .  s a n d w i c e n s e  --.- D C .  
v a r .  m a c r o c e p h a l u m  ( Z r a y )  H b d . ) ,  h a s  t w e n t y  t o  T h i r t y  r a y  f l o r e t s  
i n  c o n t r a s t  t o t w e l v e  t o  s i x t e e n  r a y  f l o r e t s  i n  t y p i c a l  A .  
- - 
s a n d w i c e n s e .  H i l l e b r a n d  ( 1 8 8 8 )  a l s o  n o t e 2  t h a t  i n  A .  s a n d w i c e n s e  
---- - ------ .---- 
v a r .  m a c r o c e ~ h a l u m .  t h e  l i a u l e s  a r e  s h o r t e r  t h a n  i n  A .  
- 
s a n d w i c e n s e  -- v e r .  s a n d w i c e n s e .  ----- The d e s c r i p t i o n  o f  A. -- s a n d w i c e n s r  ---- -- --- a 
by Degener  ( 1 9 3 2  e t  s e q . )  i s  a  m i x t u r e  o f  c h a r a c t e r i s t i c s  o f  b o t h  
e n t i t i e s ,  b u t  p o s s i b l y  comes  c l o s e r  t o  r e f l e c t i n g  t h e  
c h a r a c t e r  i s t i c s  o f  t h e  H a l e a k a l a  s i l v e r s w o r d  d u e  t o  t h e  b 3 t t e r  
a c c e s s i b i i t y  o f  H a l e a k a l a  m a t e r i a l .  Compar ing t h e  d e s c r i p t i o n  o f  
A. s a n d w i c e n s e  b y  G r a y  ( 1 8 5 2 ,  1 8 6 1 ,  i n e d . )  o r  H i l l e b r a n d  ( 1 8 8 8 )  
- 
w i t h  t h e  d e s G i p t i o n  o f  A. s a n d w i c e n s e  b y  D e y e n e r  ( 1 9 3 2  e t  s e q . )  
o r  A. s a n d w i c e n s e  b y  ~ e c x  ( 1 9 3 6 ) ,  r E e a l s  s l i g h t  d i f f e r e n c e s  i n  
l e a f -  l e n g t h ,  l e a f  w i d t h ,  i n f l o r e s c e n c e  t y p e ,  i n f l o r e s c e n c e  
l e n g t h ,  p e d u n c l e  l e n g t h ,  i n v o l u c r e  d i a m e t e r ,  a n d  t h e  number of 
r a y  f l o r e t s  p e r  c a p i t u l u m .  T h e s e  s l i g h t  d i f f e r e n c e s ,  i n  a d d i t i o n  
t o  t h e  g e n e r a l  l a c k  o f  a c c o r d  among t h e  a u t h o r i t i e s  w o r k i n g  w i t h  
t h e s e  p l a n t s ,  i n d i c a t e  t h e  p o s s i b i l i t y  t h a t  Mauna Kea 
s i l v e r s w o r d s  a r e  r e c o g n i z a b l y  d i s t i n c t  f r o m  H a l e a k a l a  
s i l v e r s w o r d s .  
The P r o p o s a l  
-- - 
ST9TEMENT OF PURPOSE: T h i s  s t u d y  i s  b e i n g  u n d e r t a k e n  t o  
e t e r m i n e  w h e t h e r  t h e r e  a r e  d i s c e r n i b l e  q u a l i t a t i v e  o r  
q u a n t i t a t i v e  m o r p h o l o g i c a l  d i f f e r e n c e s  b e t w e e n  t h e  H a l e a k a l a  
s i l v e r s w o r d  ( A .  m a c r o c e p h a l u m  G r a y )  and t h e  Mauna Kea s i l v e r s w o r d  
( A .  - s a n d w i c e f i s e  D C ) .  However,  o t h e r  t a x a  o f  ~ r q y r o x i p h i u m  -- w i l l  
a T s o  b e  s t u d i e d  w i t h  t h e  same m e t h o d s  i n  o r d e r - t o  g a l n  a  w o r k i n g  
knowledge  o f  v a r i a t i o n  w i t h i n  t h e  g e n u s  s o  t h a t  c o m p a r i s o n s  a n d  
e v a l u a t i o n s  w i l l  b e  more  s o u n d l y  b a s e d .  The o t h e r  t a x a  i n c l u d e d  
i n  t h e  s t u d y  w i l l  b e  A. v i r e s c e n s  v a r .  p a l u d o s a  a n d  two 
p o p u l a t i o n s  o f  A .  k a u e n s e  T c f  . T a b l e  1, Water  i a l s  a n d  M e t h o d s )  . 
4 --- 
HYPOTHESES: 1)  T h e r e  a r e  e n o u g h  m o r p h o l o g i c a l  d i f f e r e n c e s  
b e t w e e n  t h e  H a l e a k a l a  s i l v e r s w o r d  (A. m a c r o c e p h a l u m  G r a y )  and  t h e  
Mauna Kea s i l v e r s w o r d  (A. s a n d w i c e n s e  D C . )  t o  w a r r a n t  t h e i r  
f o r m a l  t a x o n o m i c  r e c o g n i t i o n .  
2 )  The  H a l e a k a l a  s i l v e r s w o r d  ( A .  m a c r o c e p h a l u m  S r a y )  i s  t h e  
- - 
c l o s e s t  l i v i n g  r e l a t i v e  o f  t h e  Mauna Kea s i l v e r s w o r d  ( A .  
s a n d w i c e n s e  DC.  ) . 
---- 
3 )  The  Mauna Kea s i l v e r s w o r d  ( A .  s a n d w i c e n s e  D C . )  i s  t h e  
c l o s e s t  l i v i n g  r e l a t i v e  o f  t h e  K a ' u  s i i v e r s w o r d  ( A .   -.--- k a u e n s e  ( R o c k  
& N e a l )  Deg . b Deg . ) . 
4 )  The  two p o p u l a t i o n s  o f  A. k a u e n s e  (Kahuku  F o r e s t  R e s e r v e  
v s .  Power L i n e  Road)  a r e  m o r p h o l ~ g i c a l l y  d i f f e r e n t i a t e d .  
IMPORTANCE OF THE STUDY: A l t h o u g h  e x t i n c t i o n  o f  o r g a n i s m s  
h a s  b e e n  a  n a t u r a l  a d j u n c t  t o  t h e  p r o c e s s  o f  e v o l u t i o n ,  m a n ' s  
a c t i v i t y  h a s  d i r e c t l y  o r  i n d i r e c t l y  g r e a t l y  a c c e l e r a t e d  t h e  
d e m i s e  o f  many o r g a n i s m s .  S p e c i e s  r e s t r i c t e d  t o  i s l a n d s  a r e  f a r  
more v u l n e r a b l e  t o  e x t i n c t i o n  t h a n  t h o s e  o f  c o n t i n e n t a l  a r e a s  
( F o s b e r g  1 9 7 1 ) .  The v a r i o u s  s p e c i e s  o f  A r g y r o x i p h i u m  a r e  e n d e m i c  
t o  t h e  i s l a n d s  o f  Hawai '  i and  Maui ,  a n d  d u e  t o  t h e i r  v e r y  
l o c a l i z e d ,  l i m i t e d ,  a n d  u n i q u e  h a b i t a t s ,  w h i c h  h a v e  b e e n  
d i s t u r b e d  b y  m a n ' s  a c t i v i t y  and  by f e r a l  a n i m a l s ,  some t a x a  a r e  
r e p o r t e d  r a r e  o r  e n d a n g e r e d  ( c f .  F o s b e r g  and  H e r b s t  1 9 7 5 ,  
U.S.F.W.S. 1 9 8 0 ) .  
A case i n  p o i n t  is t h e  g r e e n s w o r d ,  A r g y r o x i p h i u m  v i r e s c e n s  
v a r  . v i r e s c e n s  . I t  was d i s c o v e r e d  b y ? i l l e b r a n d  -(i-38U-GZ 
c o l l e c t e d  o n  d i f f e r e n t  e x ~ e d i t i o n s  t o  i t s  h a b i t a t  ( K e c k  1 9 3 6 ) .  
I n  1 9 3 0 ,  Degener  m e n t i o n e d - h a v i n g  v i s i t e d  a  o f  t h i r t y  
p l a n t s .  I n  1 9 7 0 ,  C a r l q u i s t  s u g g e s t e d  t h a t  t h i s  t a x o n  was  c l o s e  
t o  e x t i n c t i o n ,  a n d  i n  1 9 7 5 ,  F o s b e r g  and  H e r b s t  l i s t e d  i t  a s  
p o s s i b l y  e x t i n c t .  A p p a r e n t l y ,  i t  h a s  n o t  b e e n  s e e n  i n  t h e  f i e l d  
s i n c e  D e g e n e r ' s  o b s e r v a t i o n  ( 1 9 3 0 ) .  The c a u s e  o f  i t s  d e c l i n e  i s  
n o t  known; h o w e v e r ,  i t  is known t h a t  t h e  h a b i t a t  w h e r e  i t  g r e w  i s  
h i g h l y  d i s t u r b e d  by a b u n d a n t  f e r a l  p i g s  ( M e y r a t  u n p u b l i s h e d )  . 
A s e c o n d  c a s e  c o n c e r n s  t h e  H a l e a k a l a  s i l v e r s w o r d  whose  
p l i g h t  was d e s c r i b e d  p o i g n a n t l y  b y  D e g e n e r  ( 1 9 4 8 )  : " A c c o r d i n g  t o  
r e l i a b l e  a c c o u n t s ,  t h e  s i l v e r s w o r d  i n  t h e  e a r l y  d a y s  was  s o  
a b u n d a n t  o n  t h e  c i n d e r  c o n e s  i n  H a l e a k a l a  a s  t o  make ' t h e  
h i l l s i d e  l o o k  l i k e  w i n t e r  o r  m o o n l i g h t . '  The  H a w a i i a n s  made 
s i l v e r s w o r d  l e i s ,  b u t  b e l i e v e d  t h e y  m u s t  a b i d e  by c e r t a i n  r i t u a l s  
o r  t h e i r  o f f e n d e d  m o u n t a i n  g o d s  would  d e l u g e  them w i t h  r a i n .  
L a t e r ,  t o u r i s t s  o f t e n  u p r o o t e d  t h e  l a r g e s t  s p e c i m e n s  j u s t  t o  
w a t c h  them r o l l  down t h e  m o u n t a i n  s l o p e s  l i k e  g i a n t  s n o w b a l l s .  
U n t i l  a b o u t  1 9 1 5 ,  t h e s e  p l a n t s  were g a t h e r e d  i n  g r e a t  n u m b e r s ,  
d r i e d ,  and  s h i p p e d  t o  t h e  O r i e n t  a s  o r n a m e n t s .  A s  a  r e s u l t  o f  
s u c h  v a n d a l i s m  by man, t h e  r a v a g e s  o f  h u n g r y  f e r a l  g o a t s  a n d  o f  
i n s e c t  p e s t s ,  t h e  s i l v e r s w o r d  was t h r e a t e n e d  w i t h  e x t i n c t i o n . "  
I n  a  f o l l o w i n g  p a r a g r a p h ,  D e g e n e r  ( 1 9 3 0 )  w r o t e :  " I n  1 9 2 7 ,  I 
made a n  i n t e n s i v e  s t u d y  o f  t h e  s i l v e r s w o r d  d u r i n g  a  t h r e e - w e e k ' s  
s t a y  i n  H a l e a k a l a . . .  t h e  s i l v e r s w o r d  p o p u l a t i o n  i n  H a l e a k a i a  had 
d w i n d l e d  t o  b a r e l y  100  p l a n t s ! "  
A t  p r e s e n t ,  t h e  p o p u l a t i o n  o f  H a l e a k a l a  s i l v e r s w o r d  s e e m s  t o  
b e  i n c r e a s i n g  ( 4 3 , 0 0 0  p l a n t s  a c c o r d i n g  t o  K o b a y a s h i  1 9 7 3 b ) ,  
b e c a u s e  H a l e a k a l a  N a t i o n a l  P a r k  h a s  b e e n  c o n t r o l l i n g  f e r a l  g o a t s  
a n d  e d u c a t i n g  p e o p l e  a b o u t  t h e  u n i q u e n e s  o f  t h e  p a r t i c u l a r  
s p e c i e s .  However,  o t h e r  c l o s e l y  r e l a t e d  s p e c i e s  w h i c h  a r e  p a r t  
o f  t h e  i n t e g r i t y  o f  t h i s  g e n u s  a r e  p r e s e n t l y  e n d a n g e r e d ,  p r o b a b l y  
more  so t h a n  t h e  H a l e a k a l a  s i l v e r s w o r d  e v e r  was.  
One s u c h  e x a m p l e  i s  t h e  Mauna Kea s i l v e r s w o r d  p r e s e n t l y  
c o n f i n e d  t o  t h e  W a i l u k u  d r a i n a g e  o n  Mauna Kea. B r y a n  ( 1 9 7 3 )  
r e p o r t e d  t h a t  i n  1 9 5 1 ,  h e  c o u n t e d  27 good s i l v e r s w o r d  p l a n t s  
g r o w i n g  i n  t h e  a r e a .  H e  a l s o  m e n t i o n e d  a  more  r e c e n t  c o u n t i n g  o f  
40 p l a n t s  a n d  a n  e s t i m a t i o n  o f  1 0 0  s i l v e r s w o r d  p l a n t s  f a r  t h e  
w h o l e  a r e a  made b y  a  S t a t e  f o r e s t e r .  L a n d g r a f  ( 1 9 7 3 )  e s t i m a t e d  
t h e  p o p u l a t i o n  a t  150  p l a n t s ,  b u t  o n l y  35 p l a n t s  w e r e  c o u n t e d  i n  
1 9 7 8  ( M e y r a t  u n p u b l i s h e d ) .  The e x t r e m e l y  l o w  n u m b s r  o f  
i n d i v i d u a l s  c e r t a i n l y  p l a c e s  t h e  Mauna Kaa s i l v e r s w o r d  i n  
j e o p a r d y .  
I n  a d d i t i o n  t o  t h e  p o s s i b l e  t h r e a t  o f  o u t r i g h t  e x t i n c t i o n  i s  
t h e  r i s k  o f  g e n e  p o o l  d i l u t i o n ,  a l t e r a t i o n ,  o r  swamping by o t h e r  
s p e c i e s  t h a t  c o u l d  b e  t r a n s p l a n t e d  t o  n e a r b y  l o c a t i o n s .  
C e r t a i n l y ,  t r a n s p l a n t i n g  o f  s i l v e r s w o r d s  h a s  b e e n  p r a c t i c e d ,  b u t  
f o r t u n a t e l y  n o t  i n  t h e  v i c i n i t y  oE t h e  W a i l u k u  R i v e r  d r a i n a g e .  
F o r  e x a m p l e ,  H a l e a k a l a  s i l v e r s w o r d s  h a v e  b e e n  p l a n t e d  by t h e  
D i v i s i o n  o f  F o r e s t r y  i n  P u ' u  K i h e  o n  Mauna Kea.  A l s o ,  H a l e a k a l a ,  
Mauna Kea ,  a n d  K a ' u  s i l v e r s w o r d s  h a v e  b e e n  p l a n t e d  by t h e  
N a t i o n a l  P a r k  S e r v i c e  o n  Red H i l l  and  o n  t h e  Mauna Loa S t r i p  Road 
o n  Mauna Loa ( B r y a n  1 9 7 3 ,  L a n d g r a f  1 9 7 3 ,  U. S. N a t i o n a l  P a r k  
S e r v i c e  1 9 7 4 ) .  
A s  a  c o o p e r a t i v e  e n d e a v o r  t o  h e l p  p r o t e c t  t h e  Mauna Kea 
s i l v e r s w o r d s ,  t h e  D i v i s i o n  o f  F o r e s t r y ,  t h e  D i v i s i o n  o f  F i s h  a n d  
Game, a n d  t h e  U .  S. F o r e s t  S e r v i c e  c o n s t r u c t e d  a  f e n c e d  e x c l o s u r e  
a d j a c e n t  t o  W a i l u k u  c a n y o n ,  i n  1972  ( B r y a n  1 9 7 3 ,  L a n d g r a f  1 9 7 3 ) .  
A l t h o u g h  t h e  w a l l s  o f  t h e  c a n y o n  p a r t i a l l y  p r o t e c t  t h e  
s i l v e r s w o r d s  and  o t h e r  n a t i v e  p l a n t s  f rom b r o w s i n g  a n i m a l s ,  
a d d i t i o n a l  a r e a s  a l o n g  t h e  c a n y o n  h a v e  a l s o  b e e n  f e n c e d  ( L a n d g r a f  
1 9 7 3 ) .  B r y a n  ( 1 9 7 3 )  and L a n d g r a f  ( 1 9 7 3 )  p o i n t  o u t  t h a t  t h e  
e x c l o s u r e  i s  f o r  r e s e a r c h  p u r p o s e s  r e l a t i n g  t o  v e g e t a t i o n  
r e g e n e r a t i o n ,  i n c l u d i n g  s i l v e r s w o r d  r e g e n e r a t i o n  s t u d i e s .  
However,  t h e r e  i s  no i n d i c a t i o n  t h a t  H a l e a k a l a  s i l v e r s w o r d s  h a v e  
b e e n  p l a n t e d  i n  t h i s  a r e a .  
The s y n d r o m e  o f  m o r p h o l o g i c a l  a d a p t a t i o n s  o f  A r g y r o x i p h i u m  - -- 
t o  t h e  a l p i n e  e n v i r o n m e n t  d e s c r i b e d  e a r l i e r  n a k e s  t h e  g e n u s  o n e  
o f  t h e  few l i v i n g  e x a m p l e s  o f  s u c h  a d a p t a t i o n s  t o  t r o p i c a l  a l p i n e  
c o n d i t i o n s .  I n  o r d e r  t o  u n d e r s t a n d  t h e i r  m o r p h o l o g i c a l ,  
a n a t o m i c a l ,  a n d  p h y s i o l o g i c a l  a d a p t a t i o n s ,  and  t h e  e v o l u t i o n a r y  
h i s t o r y  o f  t h e  g e n u s ,  i t  i s  i m p o r t a n t  t o  c o n s e r v e  e v e r y  
p o p u l a t i o n  i n  e x i s t e n c e  a s  t h e  t o t a l  and  u n i q u e  ge rm p l a s m  f o r  
f u t u r e  s c i e n t i f i c  r e s e a r c h .  The c a r e f u l  s t u d y  o f  g r o u p s  s u c h  a s  
t h i s  w i l l  u n d o u b t e d l y  p r o v i d e  i n v a l u a b l e  i n f o r m a t i o n  o f  w i d e  
a p p l i c a t i o n  a b o u t  p l a n t  m o d i f i c a t i o n s  i n  s t r e s s  e n v i r o n m e n t s .  
The c o n c e r n  f o r  c o n s e r v a t i o n  o f  s i l v e r s w o r d s  e x p r e s s e d  by 
s c i e n t i s t s  is  a u g m e n t e d  by t h e  f a c t  t h a t  t h e  b e a u t y  o f  t h e s e  
p l a n t s  a t t r a c t s  many v i s i t o r s  a n n u a l l y .  Of p e r h a p s  f a r  more  
s i g n i f i c a n c e  i s  t h e  c o n s e r v a t i o n  o f  e v e r y  u n i q u e  p o p u l a t i o n  o f  
A r g y r o x i p h i u m ,  e a c h  a n  e v o l u t i o n a r y  p r o d u c t  r e q u i r i n g  t h o u s a n d s  
o r  m i l l i o n s  o f  y e a r s ,  o n  t h e  b a s i s  t h a t  e a c h  i s  a  c o m p o n e n t  o f  
t h e  l i m i t e d  f l o r a  o f  t h e  f i n e l y  t u n e d  and d e l i c a t e  e c o s y s t e m  o f  
t h e  H a w a i i a n  I s l a n d s .  E x t i n c t i o n  is  f o r e v e r .  
T h i s  t a x o n o m i c  s t u d y  h a s  t h e  o b j e c t i v e  o f  d e t e r m i n i n g  
w h e t h e r  t h e  Mauna Kea and  H a l e a k a l a  s i l v e r s w o r d s  a r e  i n d e e d  
u n i q u e ,  i . e . ,  c a n  t h e y  be c o n s i d e r e d  r e c o g n i z a b l y  d i s t i n c t ?  T h i s  
d e t e r m i n a t i o n  i s  e x t r e m e l y  i m p o r t a n t  f rom t h e  s t a n d p o i n t  o f  
c o n s e r v a t i o n  and n a n a g e m e n t  o f  r a r e  and  e n d a n g e r e d  t a x a  and 
u n i q u e  g e n e  p o o l s .  
MATERIALS AND METHODS 
M o r p h o l o g i c a l  c h a r a c t e r s  o f  f i v e  p o p u l a t i o n s  o f  
A r g y r o x i p h i u m  were a s s e s s e d  ( T a b l e  1) .  A t o t a l  o f  49  f l o w e r i n g  
p l a n t s  were s t u d i e d .  T h e s e  p r o v i d e ?  a  b a s i s  f o r  a n a l y z i n g  4 5  
q u a n t i t a t i v e  c h a r a c t e r i s t i c s .  Some v e g e t a t i v e  f e a t u r e s  w e r e  
o b s e r v e d  i n  36  a d d i t i o n a l  n o n - f l o w e r  i n g  i n d i v i d u a l s .  A 1 l m i t e d  
number o f  v e g e t a t i v e  a n d  r e p r o d u c t i v e  f e a t u r e s  w e r e  a l s o  o b s e r v e d  
i n  1 2  i n c o m p l e t e  i n d i v i d u a l s  i n  v a r i o u s  s t a g e s  o f  d e c l i n e .  O f  
t h e  t o t a l  o f  97 i n d i v i d u a l s ,  5 1  w e r e  o b s e r v e d  i n  t h e  summer o f  
1977  and 4 6  w e r e  o b s e r v e d  i n  t h e  summer o f  1 9 7 8  ( T a b l e  2 ) .  
E i g h t  o f  t h e  4 5  q u a n t i t a t i v e  c h a r a c t e r s  ( T a b l e  3 )  were 
a s s e s s e d  i n  t h e  f i e l d  i n  e v e r y  c o m p l e t e  i n d i v i d u a l  s t u d i e d .  Some 
f l o r a l  p a r t s  w e r e  c o l l e c t e d  i n  p l a s t i c  b a g s  f o r  l a t e r  m e a s u r e m e n t  
i n  t h e  l a b o r a t o r y .  F o u r t e e n  l a b o r a t o r y  m e a s u r e m e n t s  were made 
w i t h o u t  m a g n i f i c a t i o n ,  a n d  2 3  m e a s u r e m e n t s  w e r e  made u s i n g  
m a g n i f i c a t i o n  ( T a b l e  3 ) .  The m e a s u r e m e n t s  w e r e  made w i t h  a  
m e a s u r i n g  t a p e  o r  a  r u l e r ,  w h i c h e v e r  was m o s t  s u i t a b l e  f o r  t h e  
p l a n t  p a r t  b e i n g  m e a s u r e d .  For  r i g i d  s t r u c t u r e s  t h a t  c o u l d  n o t  
be s t r a i g h t e n e d ,  e . g .  a c h e n e s ,  t h e  m e a s u r e d  d i s t a n c e  was a  
s t r a i g h t  l i n e  f rom o n e  e x t r e m e  t o  t h e  o t h e r ,  c u r v a t u r e  n o t  b e i n g  
c o n s i d e r e d .  The w i d t h  was  d e t e r m i n e d  a t  t h e  m i d p o i n t  o f  t h e  l o n g  
a x i s  o f  a  g i v e n  s t r u c t u r e .  I n  o r d e r  t o  a v o i d  r e p e t i t i o n ,  t h e  
c o u n t e d  c a p i t u l a  w e r e  marked  w i t h  i n k .  The number o f  r a y  and  
d i s k  f l o r e t s  w e r e  d e t e r m i n e d  by c o u n t i n g  t h e  number o f  t h e i r  
r e s p e c t i v e  a c h e n e s ,  b e c a u s e  some c o r o l l a s  a b s c i s e d  e a r l y .  
For  s i x  f i e l d  m e a s u r e m e n t s  t h e r e  i s  o n l y  o n e  v a l u e  p e r  
i n d i v i d u a l .  B e c a u s e  o f  v a r i a t i o n  i n  l e a v e s  w i t h  r e s p e c t  t o  t h e i r  
p o s t i o n  i n  t h e  r o s e t t e ,  m e a s u r e m e n t s  w e r e  r e p e a t e d  n i n e  t i : n e s  i n  
e a c h  i n d i v i d u a l .  T h u s ,  t h r e e  m e a s u r e m e n t s  w e r e  t a k e n  a t  t h e  t o p ,  
t h r e e  a t  t h e  m i d d l e ,  and  t h r e e  a t  t h e  b o t t o m  p a r t  o f  t h e  r D s e t . t e .  
The m e a s u r e m e n t s  f o r  t h e  r e m a i n i n g  c h a r a c t e r i s t i c s  w e r e  r e p e a t e d  
a t  l e a s t  f i v e  o r  s i x  t imes p e r  i n d i v i d u a l .  An a t t e m p t  was mad? 
t o  a v o i d  b i a s  i n  o b t a i n i n g  m e a s u r e m e n t s .  
A f t e r  q u a n t i t a t i v e  d a t a  w e r e  c o l l e c t e d ,  a mean o f  t h e  
v a r i a t i o n  w i t h i n  e a c h  i n d i v i d u a l  was o b t a i n e d .  T h i s  mean was 
c o n s i d e r e d  a s  a  s i n g l e  o b s e r v a t i o n  f o r  a  g i v e n  i n d i v i d u a l .  
g r o u p  o f  o b s e r v a t i o n s  f o r  a  g i v e n  c h a r a c t e r ,  p e r t a i n i n g  t o  a  
g i v e n  p o p u l a t i o n  c o n s t i t u t e s  a  t r e a t m e n t  f o r  t h e  s t a t i s t i c a l  
t e s t s .  
The v a r i a t i o n  o f  e a c h  m o r p h o l o g i c a l  c h a r a c t e r  among f i v e  
p o p u l a t i o n s  was  e v a l u a t e d  by o n e  way a n a l y s i s  o f  v a r i a n c e .  An 3 
p r i o r i  c o m p a r i s o n  o f  t h e  H a l e a k a l a  and  Mauna Kea a i l v e r s w o r ?  
p o p u l a t i o n s  was  i n h e r e n t  i n  t h i s  a n a l y s i s .  The F t e s t s  o f  
i n d i v i d u a l  c h a r a c t e r s ,  t a k e n  c o l l e c t i v e l y ,  p r o v i d e d  a  b a s i s  t o  
a s s e s s  t h e  t o t a l  m o r p h o l o g i c a l  d i f f e r e n t i a t i o n  o f  t h e s e  
p o p u l a t i o n s .  I n  a d d i t i o n ,  a n  - a p o s t e r i o r i  t e s t ,  t h e  Duncan new 
m u l t i p l e  r a n g e  t e s t  was u s e d  t o  c o m p a r e  t h e  m e a n s  o f  e a c h  
c h a r a c t e r  f o r  e a c h  o f  t h e  p o p u l a t i o n s  o f  A r g y r o x i p h i u m .  F o r  t h e  
s t a t i s t i c a l  m e t h o d s ,  t h e  p r o c e d u r e s  o u t l i n e a  i n  ~ n e d e c o r  a n d  
C o c h r a n  ( 1 9 6 7 ) ,  a n d  S o k a l  a n d  R o h l f  ( 1 9 6 9 )  was f o l l o w e d .  To 
f a c i l i t a t e  t h e  s t a t i s t i c a l  c a l c u l a t i o n s ,  t h e  BASIC S t a t i s t i c a l  
P r o g r a m  o f  t h e  HP2000 c o m p u t e r  o f  t h e  U n i v e r s i t y  o f  H a w a i i  was 
u s e d .  
The  v a r i a t i o n  of q u a l i t a t i v e  m o r p h o l o g i c a l  f e a t u r e s  s u c h  a s  
t y p e ,  s h a p e ,  c o l o r ,  a n d  indumen tum o f  s t r u c t u r e s  o f  t r a d i t i o n a l  
t a x o n o m i c  i m p o r t a n c e  w a s  a l s o  s t u d i e d  i n  e a c h  o f  t h e  p o p u l a t i o n s .  
I n  t h o s e  i n s t a n c e s  w h e r e  a c h a r a c t e r  i s  l i m i t e d  t o  a s i n g l e  
m e a s u r e m e n t  p e r  i n d i v i d u a l ,  t h e  mean v a l u e  i s  i d e n t i f i e d  by  2 i n  
t h e  t a x o n o m i c  s e c t i o n .  However ,  w h e r e  m u l t i p l e  m e a s u r e m e n t s  p e r  
i n d i v i d u a l  w e r e  made ,  t h e  mean o f  mean v a l u e s  i s  r e p o r t e d  a s  y. 
E a c h  o f  t h e  q u a n t i t a t i v e  c h a r a c t e r s  o f  t h e  s p e c i e s  5 .  s a n d w i c e n s e  
i s  d e s c r i b e d  b y  u s i n g  a n  a v e r a g e  o f  t h e  mean v a l u e s  o f  t h e  
s u b s p e c i e s ,  a n d  t h o s e  a r e  i d e n t i f i e d  i n  t h e  t axonomy s e c t i o n  b y  Gb 
V o u c h e r  s p e c i m e n s  f o r  t h i s  s t u d y  h a v e  b e e n  d e p o s i t e d  i n  t h e  
U n i v e r s i t y  o f  H a w a i i  h e r b a r i u m  ( H A W ) .  
RESULTS 
Arg r o x i p h i u m  s a n d w i c e n s e  
_Y--- - - 
T h e  F tes ts  f r o m  o n e  way a n a l y s i s  o f  v a r i a n c ?  o f  4 5  
c h a r a c t e r s  i n d i c a t e  t h a t  t h e  m e a n s  o f  36  d i f f e r  s i g n i f i c a n t l y  (P 
< 0 . 0 5 )  a t  l e a s t  b e t w e e n  two  o f  t h e  f i v e  p o p u l a t i o n s  o f  
A 
A r g y r o x i p h i u m  e x a m i n e d .  Of s p e c i a l  i n t e r e s t  h e r e  is  t h e  f a c t  
t h a t  t h e  m e a n s  o f  e a c h  o f  1 8  c h a r a c t e r s  d i f f e r  s i g n i f i c a n t l y  ( P  < 
0 . 0 5 )  b e t w e e n  A .  s a n d w i c e n s e  s s p .  s a n d w i c e n s e  a n d  A. s a n d w i c e n s e  
---- 
s s p .  m a c r o c e p h ~ l u m  ( T a b l e  4 ) .  Of t h o s e  1 8  c h a r a c t e r s ,  e i g h t  
d i f f e r  s i g n i f i c a n t l y  a t  P  < 0 . 0 0 1 ,  s i x  d i f f e r  s i g n i f i c a n t l y  a t  
0 . 0 1  - > P  > 0 . 0 0 1 ,  a n d  f o u r  d i f f e r  s i g n i f i c a n t l y  a t  0 . 0 5  > P > 
0 . 0 1   able- 4 ) .  When t h e  b r a n c h e d  p l a n t s  w e r e  i n c l u d e d  in t h e  
a n a l y s i s  o f  v a r i a n c e ,  p l a n t  h e i g h t  was n o t  s i g n i f i c a n t l y  
d i f f e r e n t  b e t w e e n  t h e  two  p o p u l a t i o n s .  However ,  when o n l y  
n o n - b r a n c h e d  p l a n t s  were c o m p a r e d ,  p l a n t  h e i g h t  a n d  a l s o  
i n f l o r e s c e n c e  d i f f e r e d  s i g n i f i c a n t l y  ( P  < 0 . 0 0 1 ) .  
The  Duncan  new m u l t i p l e  r a n g e  t e s t  i n d i c a t e s  t h a t  t h e  m e a n s  
o f  s e v e n  c h a r a c t e r s  a r e  s i g n i f i c a n t l y  h e t e r o g e n e o u s  among a11 
f i v e  p o p u l a t i o n s  ( T a b l e  5 ) .  The  m e a n s  o f  f o u r  a d d i t i o n a l .  
c h a r a c t e r s ,  i .e .  r o s e t t e  h e i g h t ,  p e d u n c l e  l e n g t h ,  b r a c t  l e n g t h ,  
a n d  t h e  number  o f  b r a c t l e t s  p e r  p e d u n c l e  d i f f e r  s i g n i f i c a n t l y  
among o n l y  some  o f  t h e  f i v e  p o p u l a t i o n s .  The  Duncan  t e s t  d o e s  
n o t  r e v e a l  s i g n i f i c a n t l y  h e t e r o g e n e o u s  m s a n s  f o r  t h e  r e m a i n i n g  3 4  
c h a r a c t e r s .  
When t h e  d a t a  f o r  i n d i v i d u a l s  o f  a l l  f o u r  t a x a  o f  
A r g y r o x i p h i u m  a r e  p l o t t e d  t o g e t h e r ,  c o r r e l a t i o n s  o f  l e a f  l e n g t h  
w i t h  r o s e t t e  d i a m e t e r  ( r  = + 0 . 5 2 4 2 )  and p e d u n c l e  l e n g t h  w i t h  
i n f l o r e s c e n c e  w i d t h  ( r  = + 0 . 7 1 0 7 )  a r e  f o u n d  ( F i g u r e s  1 , 2 ) .  I n  
e a c h  c a s e  t h e  c r i t i c a l  v a l u e  f o r  c o r r e l a t i o n  c o e f f i c i e n t s  
i n d i c a t e s  a  h i g h l y  s i g n i f i c a n t  r e l a t i o n s h i p  (P - < 0 . 0 1 ) .  
L i k e w i s e ,  t h e  number o f  d i s k  f l o r e t s  i s  f o u n d  t o  be 
c o r r e l a t e d  w i t h  t h e  f o l l o w i n g  c h a r a c t e r s :  r e c e p t a c l e  d i a m e t e r  ( r  
= + 0 . 8 9 8 5 ) ,  number o f  p e r i p h e r a l  r e c e p t a c u l a r  b r a c t s  p e r  
c a p i t u l u m  ( r  = + 0 . 9 1 3 7 ) ,  c a p i t u l u m  d i a m e t e r  ( r  = + 0 . 9 3 6 6 ) ,  a n d  
number o f  r a y  f l o r e t s  p e r  c a p i t u l u m  ( r  = + 0 . 9 0 9 2 ) .  I n  e a c h ,  a  
s t r o n g  r e l a t i o n s h i p  ( P  5 0 . 0 1 )  is f o u n d .  The r e l a t i o n s h i p  
b e t w e e n  t h e  number o f  r a y  f l o r e t s  a n d  c a p i t u l u a  d i a m e t e r  ( F i g u r e  
3 )  is  a good  e x a m p l e  o f  t h e  r e l a t i o n s h i p  b e t w e e n  a n y  two 
c a p i t u l u m  f e a t u r e s .  Below t h e  l e v e l  o f  t h e  g e n u s ,  h o w e v e r ,  t h e s e  
f e a t u r e s  wgre f o u n d  t o  b e  s i g n i f i c a n t l y  c o r r e l a t e d  (P < 0 . 0 1 )  
o n l y  i n  A. s a n d w i c e n s e  s s p .  m a c r o c e p h a l u m .  I n  A. - -----A- s a n d w i c e n s e  
s s p .  s a n z w i c e n s e  t h e r e  i s  a t e n d e n c y  b u t  n o  s i g n i f i c a n t  
c o r r e l a t i o n ,  w h e r e a s  i n  A. k a u e n s e  a n d  A. - v i r e s c e n s  v a r .  
a l u d o s a ,  e v e n  t h e  t e n d e n c y  o f  r e l a t i o n s h i p  o f  t h e  f e a t u r e s  i s  :cry lo;. 
I n  A r g y r o x i p h i u m  a s  a  w h o l e ,  t h e r e  i s  a s i g n i f i c a n t  
c o r r e l a t i o n  ( r  = -0 .3403 ,  0 .05  - > P > 0 . 0 1 )  b e t w e e n  l e a f  l e n g t h  
and  l e a f  w i d t h  ( F i g u r e  4 ) .   elo ow t h e  l e v e l  o f  t h e  g e n u s ,  
h o w e v e r ,  t h e s e  f e a t u r e s  were f o u n d  t o  b e  s i g n i f i c a n t l y  c o r r e l a t e d  
( P  I 0 . 0 1 )  o n l y  i n  A. s a n d w i c e n s o  s s p .  macro-halum -- -- a n 3  A .  
k a u e n s e .  
--- I n  A.  - v i r e s c e z s  v a r .  p a l u d o s a  t h e r e  i s  a  t e n d e n c y  b u t  
no  s i g n i f i c a n t  c o r r e l a t i o n ,  a n d  i n  - A. s a n d w i c e n s e  -- s s p .  
s a n d w i c e n s e ,  e v e n  t h e  t e n d e n c y  i s  v e r y  l o w .  
I n  c o n t r a s t  t o  t h e  p r e v i o u s  c a s e s ,  t h e r e  i s  n o  c o r r e l , a t i o n  
b e t w e e n  i n f l o r e s c e n c e  l e n g t h  a n d  i n f l o r e s c e n c e  w i d t h  ( r  = 
- 0 . 0 1 3 1 )  when a l l  t h e  i n d i v i d u a l s  o f  A r g y r o x i p h i u m  .-- a r e  c o n s i d e r e d  
( F i g u r e  5 ) .  B e l o w  t h e  l e v e l  o f  t h e  g e n u s ,  t h e s e  f e a t u r e s  w e r e  
f o u n d  t o  b e  s i g n i f i c a n t l y  c o r r e l a t e d  ( P  - < 0 . 0 1 )  o n l y  i n  - A.  
s a n d w i c e n s e  s s p .  rnac rocepha lum and  A. k a u e n s e .  I n  A .  s a n d w i c e n s ?  
-- -----A --.- - 
s s p .  s a n d w i c e n s e  t h e r e  i s  a  h i 9 5  t e n d e n c y  b u t  50 s i g n i E i c a n t  
c o r r e l a t i o n  a n d  i n  A .  v i r e s c e n s  v a r .  p a l u d o s a  -- t h e r e  i s  o n l y  a 
t e n d e n c y  o f  r e l a t i o n s h i p  b e t w e e n  t h e s e  f e a t u r e s .  
A l t h o u g h  c o m p a r i s o n  o f  o n e  o r  two c h a r a c t e r s  a t  a t i m e  o f t e n  
p e r m i t s  d i s t i n c t i o n  o f  two o r  more  o f  t h e  f o u r  t a x a  c o n s i d e r e d  
h e r e ,  s i m u l t a n e o u s  c o m p a r i s o n  o f  t h r e e  f e a t u r 2 s  a p p e a r s  t o  b e  
r e q u i r e d  f o r  c o m p l e t e  r e s o l u t i o n  o f  a l l  f o u r .  For  e x a m p l e ,  
p e r h a p s  t h e  b e s t  r e s o l u t i o n  i s  a t t a i n e d  when t h e  i n d i v i d u a l s  a r e  
p l o t t e d  a s  a  f u n c t i o n  o f  l e a f  l e n g t h - w i d t h  r a t i o ,  i n f l o r e s c e n c e  
l e n g t h - w i d t h  r a t i o ,  a n d  r a y  f l o r e t  number i n  t h r e e  d i m e n s i o n a l  
f a s h i o n  ( F i g u r e  6 ) .  
Q u a l i t a t i v e  f e a t u r e s  s u c h  a s  l e a f  indurnen t ,  l i g u l e  c o l o r ,  
and  p a p p u s  c o n d i t i o n  a l s o  a i d  i n  t h e  r e c o g n i t i o n  o f  A .  
s a n d w i c e n s e ,  A.  k a u e n s e ,  and  A .  v i r e s c e n s  v a r .  p a l u d o s a .  ~ 6 e  
---- - - ---- - --- - 
s t y l e  o f  A. k a u e n s e  d i f f e r s  f r o m  t h a t  o f  t h e  o t h e r  two s p e c i e s .  
~ r g ~ r o x i p h ~ u m  s a n d w i c e n s e  s s p .  s a n d w i c e n s z  - h a s  a  h i g h e r  f r e q u e n c y  
o f  p a r t i a l l y  ~ a n i c u l a t e  i n f l o r e s c e n c e s  and  s e s s i l e  c a p i t u l a  a t  
t h e  b a s e  o f  t h e  i n f l o r e s c e n c e  t h a n  o t h e r  t a x a .  T h e s e  a n d  o t h e r  
q u a l i t a t i v e  c h a r a c t e r s  a r e  d e a l t  w i t h  more  f u l l y  i n  t h e  t a x o n o m i c  
s e c t i o n .  
I n f  r a g e n e r  i c  R e l a t i o n s h i p s  
The F tes ts  f r o m  o n e  way a n a l y s i s  o f  v a r i a n c e s  i n d i z a t e  t h a t  
a £  4 5  c h a r a c t e r s ,  f i v e  d i f f e r  s i g n i f i c a n t l y  ( P  < 0 . 0 5 )  b e t w e e n  
two p o p u l a t i o n s  o f  A. k a u e n s e .  Of t h e s e  c h a r a c t e r s ,  two d i f f e r  
s i g n i f i c a n t l y  a t  P <-0.001, a63 t h r e e  d i f f e r  s i g n i f i c a n t l y  a t  0 . 5  
> P > 0 . 0 1  ( T a b l e  6 ) .  The Duncan t e s t  i n d i c a t e s  t h a t  among t h e  
- - 
means  o f  4 5  c h a r a c t e r s ,  e i g h t  a r e  s i g n i f i c a n t l y  h e t e r o g e n e o u s  
( T a b l e  5 ) .  T h i s  i s  t h r e e  c h a r a c t e r s  l e s s  t h a n  i n  t h e  c o m p a r i s o n  
b e t w e e n  t h e  two s u b s p e c i e s  o f  - A. - s a n d w i c e n s e .  
The means  o f  4 5  c h a r a c t e r s  were o r d e r e d  a c c o r d i n g  t o  
m a g n i t u d e  i n  o r d e r  t o  d e t e r m i n e  t h e  number o f  t imes t h a t  e a c h  
p a i r w i s e  c o m b i n a t i o n  o f  p o p u l a t i o n s  e x h i b i t e d  a d j a c e n t  v a l u e s  
( T a b l e  7 ) .  T h u s ,  A. s a n d w i c e n s e  s s p .  m a c r o c e e h a l u m  ---- and  A.  - 
s a n d w i c e n s e  h a v e  a d j a c e n t  m e a n s  f o r  3 9  o f  t h e  4 5  c h a r a c t e r s ,  A. 
- -
k a u e n s e  a n d  - A. v i r e s c e n s  v a r .  p a l u d o s a  3 0 ,  A. k a u e n s e  a n d  A .  
s a n d w i c e n s e  s s p .  ~ d w i c e n s e  2 1 ,  - A. ---- s a n d w i c e n s e  s s p .  s a n d w i c e n g e  
and A. v i r e s c e n s  -- v a r .  p a l u d o s a  1 5 ,  a n d  A.  ~ d w i c p n s e  -- ssp- 
m a c r o ~ e p h a l u m  and A .  v i r e s c e n s  v a r .  p a l u d o s a  o r  A. k a u e n s e  h a v e  
- --- - 
a d j a c e n t  means  f o r  o n l F 1 3  c h a r a c t e r s .  
Wi th  t h e  d a t a  o f  T a b l e  8 ( A p p e n d i x ) ,  t h e  c o e f f i c i e n t  o f  
v a r i a t i o n  ( C . V . )  was  c a l c u l a t e d  f o r  e a c h  c h a r a c t e r  o f  e a c h  o f  t h e  
f o u r  t a x a .  ( A p p e n d i x  t a b l e s  n o t  i n c l u d e d  i n  t h i s  r e p o r t  b u t  c a n  
be o b t a i n e d  f r o m  M.S. t h e s i s  d e p o s i t e d  i n  CPSU/UH l i b r a r y . )  
A r g y r o x i p h i u m  s a n d w i c e n s e  s s p .  s a n d w i c e n s e  - h a s  t h e  h i g h e s t  C . V .  
v a l u e s  i n  i 7  c h a r a c t e r s  o u t  07 45 .  The mean C . V .  f o r  a l l  t h e  
c h a r a c t e r s  i s  20 .29 .  A r g y r o x i p h i u m  s a n d w i c e n s e  s s p .  
m a c r o c e p h a l u m  h a s  t h e  h i g h e s t  C.V. v a l u e s  i n  1 6  c h a r a c t e r s  a n d  a n  
o v e r a l l  mean C . V .  o f  23 .16.  A r g y r o x i p h i u m  k a u e n s e  h a s  t h e  
h i g h e s t  C.V. v a l u e s  i n  s i x  c h a r a c t e r s  a n d  a n  o v e r a l l  mean C . V .  o f  
1 8 . 2 2 .  A r g y r o x i p h i u m  v i r e s c e n s  v a r .  &udosa  h a s  t h e  h i g h e s t  
C . V .  v a l u e s  i n  o n l y  f i v e  c h a r a c t e r s  and  a n  o v e r a l l  mean C . V .  o f  
The q u a l i t a t i v e  f e a t u r e s  a r e  t a b u l a t e d  i n  t h e  Append ix  
( T a b l e s  9 ,  1 0 ,  11). I n  a l l  t a x a  some i n d i v i d u a l s  w i t h  a  t e r m i n a l  
c a p i t u l u m  i n  t h e  i n f l o r e s c e n c e  a r e  f o u n d .  However,  t h i s  
c h a r a c t e r  i s  h i g h l y  f r e q u e n t  i n  A. k a u e n s e  a n d  s e l d o m  o c c u r s  i n  
A.  s a n d w i c e n s e  s s p .  rnac rocepha lu% ( A p p e n d i x ,  T a b l e  9 ) .  S e s s i l e  
- 
c a p i t u l a  a t  t h e  b a s e  o f  t h e  r a c e m e  a r e  f o u n d  o n l y  i n  A .  
s a n d w i c e n s e ,  a l w a y s  i n  s s p .  s a n d w i c e n s e  b u t  s e l d o m  i n  s s p .  
- --- 
m a c r o c e p h a l u m  ( A p p e n d i x ,  T a b l e  9 ) .  The s h a p e  o f  t h e  r e c e p t a b l e  
-- 
was f o u n d  t o - b e  s t r i c t l y  c o n v e x  i n  - A.  ----- v i r e s c e n s  v a r .  p a l u d o s a  -- --- b u t  
s t r i c t l y  c o n i c a l  i n  A. k a u e n s e .  I n  t h e  two s u b s p e c i e s  o f  - A .  
s a n d w i c e n s e ,  b o t h  r e c e p t a c l e  s h a p e s  a r e  f o u n d ,  i n  a  few c a s e s ,  
e v e n  w i t h i n  s i n g l e  i n d i v i d u a l s .  
The e x a m i n a t i o n  o f  l i s u l e  c o l o r a t i o n  ( A p p e n d i x ,  T a b l e  1 0 )  
- - - 
i n d i c a t e s  t h a t  A .  v i r e s c e n s  v a r .  ~ a l u d o s a  --- h a s  o n l y  y e l l o w  
l i g u l e s ,  o r  r a r e T y ,  t h e y  a r e  t i n g e d  w i t h  w i n e  r e d .  L i g u l e  c o l o r  
i n  - A .  s a n d w i c e n s e  v a r i e s  f r o m  w i n e  r e d  t o  r o s e  p i n k ,  d a r k e r  t o n e s  
more u s u a l l y  p r e s e n t  i n  s s p .  m a c r o c e p h a l u m ,  - a n d  l i g h t e r  t o n e s  i n  
s s p .  s a n d w i c e n s e .  I n  A. k a u e n s e  t h e  l i g u l e  c o l o r  i s  a m i x t u r e  o f  
w i n e  r e d ,  y e l l o w ,  a n d e w h i t e l  t e n d i n g  t o  l i g h t e r  t o n e s .  I n  f v 3 c t ,  
e v e n  p l a n t s  w i t h  o n l y  w h i t e  l i g u l e s  w e r e  f o u n d  i n  t h e  p o p u l a t i o n  
( A p p e n d i x ,  T a b l e  1 0 ) .  
I n  a l l  t a x a  t h e  r a y  a c h e n e  p a p p u s  d i f f e r s  f r o m  t h a t  o f  t h e  
d i s k  a c h e n e s  ( A p p e n d i x ,  T a b l e  11). I n  d i s k  a c h e n e s  p a p p u s  may b e  
p r e s e n t ,  r e d u c e d ,  o r  a b s e n t .  However ,  i n  r a y  a c h e n e s ,  o n l y  two 
c o n d i t i o n s  e x i s t ,  r e d u c e d  a n d  a b s e n t .  I n  A. v i r e s c e n s  --- v a r .  
p a l u d o s a  a n d  A .  k a u e n s e  t h e  d i s k  a c h e n e  p a p p u s  i s  a l w a y s  p r e s e n t .  
-- - - 
The r a y  a c h e n e  p a p p u s  i s  a l w a y s  r e d u c e d  i n  t h e  f o r m e r  t a x o n ,  b u t  
a b s e n t  i n  t h e  l a t t e r .  I n  t h e  d i s k  a c h e n e s  o f  A .  s a n d w i c e n s e  --- - s s p .  
m a c r o c e p h a l u m  t h e  t h r e e  p a p p u s  c o n d i t i o n s  e x i s t .  However ,  t h e y  
- 
a r e  r e d u c e d  o r  a b s e n t  i n  m o s t  i n d i v i d u a l s .  I n  - A. -------- s a n d w i c e n s e  
s s p .  s a n d w i c e n s e  t h e y  a r e  p r e s e n t  o r  a b s e n t .  The r e d u c e d  
c o n d i t i o n  was n o t  f o u n d .  ~ o t h  s u b s p e c i e s  show s i m i l . a r  p a p p u s  
c o n d i t i o n s  o f  r a y  a c h e n e s .  
DISCUSSION 
A r g y r o x i p h i u m  s a n d w i c e n s e  
Of 11 c h a r a c t e r s  i n d i c a t e d  a s  b e i n g  s i g n i f i c a n t l y  3 i f  f e r e n t  
among f i v e  p o p u l a t i o n s  o f  t h r e e  s p e c i e s  b y  t h e  Duncan t e s t ,  s e v e n  
w e r e  a l s o  i d e n t i f i e d  as  d i f f e r i n g  s i g n i f i c a n t l y  b e t w e e n  t h e  two 
s u b s p e c i e s  o f  A. s a n d w i c e n s e  b y  t h e  F t e s t .  T h e s e  w e r e  r o s e t t e  
d i a m e t e r ,  i n f l o ? e s c e n c e  w i d t h ,  l e a f  l e n g t h ,  number o f  r a y  f l o r e t s  
p e r  c a p i t u l u m ,  number o f  d i s k  f l o r e t s  p e r  c a p i t u l u m ,  p e d u n c l e  
l e n g t h ,  and number o f  p e r i p h e r a l  r e c e p t a c u l a r  b r a c t s  p e r  
c a p i t u l u m .  I t  is a p p a r e n t  t h a t  t h e  F t e s t  and t h e  9 u n c a n  t e s t  
g i v e  c o n f l i c t i n g  r e s u l t s  f o r  some c h a r a c t e r s .  T h e s e  d i f f e r e n c e s  
r e s u l t  f r o m  t h e  f a c t  t h a t  a l t h o u g h  t h e  Duncan t e s t  is  s t r i c t e r  
t h a n  t h e  F t e s t ,  i t  i s  n o t  a s  s e n s i t i v e  a s  t h e  F test t o  
v a r i a t i o n  o f  i n d i v i d u a l s  w i t h i n  a n d  among p o p u l a t i o n s .  For  t h i s  
r e a s o n  t h e  F t e s t  a p p e a r s  t o  be t h e  b e s t  i n d i c a t 3 r  o f  
d i f f e r e n t i a t i o n  b e t w e e n  t h e  two s u b s p e c i e s  o f  - A. s a n d w i c e n s e .  
However ,  b y  i d e n t i f y i n g  t h e  c h a r a c t e r s  t h a t  v a r y  among a l l  a f  t h e  
t a x a ,  t h e  Duncan t e s t  p r o v i d e s  a  f r amework  t o  e v a l u a t e  t h e  
t a x o n o m i c  i m p o r t a n c e  o f  t h e  i n f r a s p e c i f i c  d i f f e r e n c e s  i n  e a c h  o f  
t h e  t o t a l  o f  1 8  c h a r a c t e r s  s p e c i f i e d  a s  s i g n i f i c a n t  by t h e  F 
t e s t .  
A l t h o u g h  p l a n t  h e i g h t  was i n i t i a l l y  c o n s i d e r e d  a n  
i n d e p e n d e n t  c h a r a c t e r ,  f u r t h e r  a n a l y s i s  i n d i c a t e d  t h a t  t h e  
componen t  c o n t r i b u t e d  by t h e  i n f l o r e s c e n c e  was r e s p o n s i b l e  f o r  
t h e  s i g n i f i c a n t  d i f f e r e n c e s  i n  h e i g h t  d e t e c t e d  i n  c e r t a i n  
i n s t a n c e s .  F u r t h e r m o r e ,  i t  was  n o t e d  t h a t  i n f l o r e s c e n c e  l e n g t h  
a n 3  number o f  c a p i t u l a  p e r  i n f l o r e s c e n c e  w e r e  a f f e c t e d  by 
b r a n c h i n g  o f  t h e  p l a n t  a x i s .  None o f  t h e  o t h e r  c h a r a c t e r s  w e r e  
s i g n i f i c a n t l y  a f f e c t e d  by t h i s  f a c t o r .  
The c o r r e l a t i o n  o f  l e a f  l e n g t h - r o s e t t e  d i a m e t e r  and p e d u n c l e  
l e n g t h - i n f l o r e s c e n c e  w i d t h  i n d i c a t e s  t h a t  i n  e a c h  p a i r  t h e  
d i m e n s i o n  o f  t h e  f i r s t  i s  l a r g e l y  r e s p o n s i b l e  f o r  t h e  d i m e n s i o n  
o f  t h e  s e c o n d .  Wi th  r e s p e c t  t o  t h e  r e l a t i o n s h i ?  b e t w e e n  
c a p i t u l u m  d i a m e t e r  and number o f  r a y  f l o r e t s  ( F i g u r e  3 ) ,  e a c h  
t a x o n  e x h i b i t s  i t s  own p a t t e r n .  A r g y r o x i p h i u m  - s a n d w i c e n s e  s s p .  
m a c r o c e ~ h a l u m  h a s  more  r a v  f l o r e t s  a s  t h e  c a p i t u l u m  d i a m e t e r  
-___LA-- 
i n c r e a s e s .  A r g y r o x i p h i u m  s a n d w i c e n s e  s s p .  s a n d w i c e n s e  -- a l s o  shows  
a  s i m i l a r  t e n d e n c y .  A r q y r o x i p h i u m  k a u e n s e  e x h i b i t s  l o w  v a r i a t i o n  
o f  c a u i t u l u m  d i a m e t e r  b u t  t h e r e  i s  q r e a t e r  v a r i a t i o n  i n  t h e  L - 
number o f  r a y  f l o r e t s .  ~ n  A. v i r e s c e n s  v a r .  --- p a l u d o s a  t h e  
v a r i a t i o n  i n  c a p i t u l u m  d i a m e t e r  i s  more  c o n s p i c u o u s  t h a n  t h e  
v a r i a t i o n  i n  t h e  number o f  r a y  f l o r e t s .  
The r e l a t i o n s h i p  b e t w e e n  l e a f  l e n g t h  anA l e a f  w i d t h  shows  a  
n e a r l y  c o n t i n u o u s  t r e n d  w h e r e  t a x a  w i t h  l a r g e r  l e a v e s  t e n d  t o  
h a v e  them n a r r o w e r .  However ,  w i t h i n  e a c h  t a x o n  t h e  r e l a t i o n s h i p  
i s  r e v e r s d d  ( F i g u r e  4 ) .  I n  t h e  r e l a t i o n s h i p  b e t w e e n  
i n f l o r e s c e n c e  l e n g t h  a n d  i n f l o r e s c e n c e  w i d t h ,  A. s a n d w i c e n s e  s s p .  
s a n d w i c e n s e  and  A. k a u e n s e  o v e r l a p  c o m p l e t e l y ,  a n d  t h e i r  s l o p e s  
---- 
d i v e r g e  f rom t h o s e  o f  A.  s a n d w i c e n s e  -- s s p .  m a c r o c e p h a l u m  -- -- and A.  
v i r e s c e n s  v a r .  p a l u d o s a  T ~ i g u r e  5 ) .  
- -- 
Among t h e  1 8  c h a r a c t e r s  t h a t  d i f f e r  s i g n i f i c a n t l y  b e t w e e n  
t h e  two s u b s p e c i e s  o f  A.  s a n d w i c e n s e ,  t h e  m o s t  u s e f u l  a r e :  
i n f l o r e s c e n c e  l e n g t h ,  i n T l o r e s c e n c e  w i d t h ,  l e a f  l e n g t h ,  l e a f  
w i d t h ,  number o f  r a y  f l o r e t s  p e r  c a p i t u l u m ,  a n d  c a p i t u l u m  
d i a m e t e r .  I n  f a c t ,  a g i v e n  i n d i v i d u a l  o f  e i t h e r  s u b s p e c i e s  c a n  
b e  r e c o g n i z e d  by t h e  p r o p o r t i o n  o f  i t s  i n f l o r e s c e n c e .  I n  A. 
s a n d w i c e n s e  s s p .  m a c r o c e p h a l u m  t h e  l e n g t h  : w i d t h  r a t i o  o f  txe 
--- ---- 
i n f l o r e s c e n c e  r a n g e s  f r o m  1 . 5 : l  t o  3 . 8 : 1 ,  w h e r e a s  i n  A .  
s a n d w i c e n s e  s s p .  s a n d w i c e n s e  t h i s  r a t i o  r a n g e s  f rom 4 . 4 : l  to 
------- -- 
8 . 9 : l .  However,  t o - s e p a r a t e  a l l  t h e  f o u r  t a x a  c o n s i d e r e d  i n  t h i s  
s t u d y  b a s e d  o n  q u a n t i t a t i v e  c h a r a c t e r s ,  a t  l e a s t  t h r e e  f e a t u r e s  
a r e  n e e d e d ,  e . g .  i n f l o r e s c e n c e  p r o p o r t i o n s ,  l e a f  p r o p o r t i o n s ,  a n d  
number o f  r a y  f l o r e t s  p e r  c a p i t u l u m  ( F i g u r e  6 ) .  
A 1  t h o u a h  few i n d i v i d u a l s  w e r e  o b s e r v e d  f rom t h e  r e m a i n i n g  
4 
p o p u l a t i o n  o f  A .  s a n d w i c e n s e  s s p .  ~ n d w i c e n s e ,  - o t h e r  e v i d e n c e  
a l s o  s u ~ w o r  t s  txe t a x o n o m i c  d i s p o s i t i o n  p r o p o s e d  i n  t h i s  p a p e r .  
The o f  p l a n t s  f r o m  Mauna Kea p r e s e n t e d - i n d e p e n d e n t l y  b y  De 
C a n d o l l e  ( 1 8 3 8 )  a n 3  Hooker ( 1 8 3 7 b )  show c a p i t u l a  w i t h  n u m b e r s  o f  
r a y  f l o r e t s  i n  t h e  r a n g e  f o u n d  i n  t h i s  s t u d y  f o r  A.  ------- s a n d w i c e n s e  
s a n d w i c e n s e .  L a r g e r  c a p i t u l a  o f  p l a n t s  f r o m  E a l e a k a l a  w e r e  s sp -  --- 
r e p o r t e d  by G r a y  ( 1 8 5 2 ,  1 8 6 1 ,  i n e d . )  and  H i l l e b r a n d  ( 1 8 8 8 ) .  G r a y  
( 1 8 6 1 )  r e p o r t e d  a  c a p i t u l u m  d i a m e t e r  f o r  t h e  Mauna Kea 
s i l v e r s w o r d  i n  t h e  r a n g e  f o u n d  i n  t h i s  s t u d y .  The number o f  r a y  
f l o r e t s  p e r  c a p i t u l u m  and t h e  number of  p e r i p h e r a l  r e c e p t a c u l a r  
b r a c t s  o f  b o t h  p o p u l a t i o n s  were  r e p o r t e d  by Gray ( 1 8 6 1 ,  i n e 3 . )  
and H i l l e b r a n d  ( 1 8 8 8 ) .  Leaf l e n g t h  and l e a f  w i d t h  were r e p o r t e d  
by Gray ( 1 8 6 1 )  and H i l l e b r a n d  ( 1 8 8 8 )  f o r  Mauna Kea m a t e r i a l .  
I n f l o r e s c e n c e  l e n g t h  and s h a p e ,  p e d u n c l e  l e n g t h ,  number of  
b r a c t l e t s  and a c h e n e  l e n g t h  were  a l s o  d e s c r i b e d  by H i l l e b r a n d  
( 1 8 8 8 )  f o r  Mauna Kea p l a n t s .  I n  a l l  of  t h e s e  c a s e s  t h e  
measurements  o f  Mauna Kea and H a l e a k a l a  s i l v e r s w o r d s  f a l l  w i t h i n  
t h e  r a n g e s  found f o r  Argyroxiphium sandwicense  s s p .  s a n d ~ i c e n s e  
----- ------ 
and s s p .  macrocephalum, - r e s p e c t i v e l y ,  i n  t h e  p r e s e n t  s t u d y .  
I n  a d d i t i o n ,  a  spec imen c o l l e c t e d  on Mauna Kea ( F o r b e s  880H, 
BISH) h a s  b r a c t ,  p e d u n c l e ,  and c a p i t u l u m  measurements ;  p e r i p h e r a l  
r e c e p t a c u l a r  b r a c t ,  r a y  f l o r e t ,  and d i s k  f l o r e t  numbers;  and r a y  
and d i s k  a c h e n e  p r o p o r t i o n s  i n  t h e  r e s p e c t i v e  r a n g e s  found f o r  A. 
sandwicense  s s p .  s a n d w i c e n s e  -- i n  t h i s  s t u d y .  Moreover ,  a  
p u b l i s h e d  pho tog raph-  o f  a  Mauna Kea s i l v e r s w o r d  ( L a n d g r a f  1973)  
h a s  i n f l o r e s c e n c e  p r o p o r t i o n s  s i m i l a r  t o  t h e  i n d i v i d u a l s  o f  s s p .  
s andwicense  - a s s e s s e d  i n  t h i s  s t u d y .  An i n f l o r e s c e n c e  
1 e n g t h : w i d t h  r a t i o  o f  4 . 5 : l  i s  e s t i m a t e d  from t h e  pho tog raph .  
Al though now s e v e r e l y  r e s t r i c t e d  i n  s i z e  and number, t h e  
Wailuku R ive r  p o p u l a t i o n  o f  A .  s a n d w i c e n s e  s s p .  s andwicense  was 
once  much more e x t e n s i v z .  I n  f a c t ,  e a r l y  a c c o u n t s  and 
c o l l e c t i o n s  o f  t h i s  t a x o n  i n d i c a t e  t h a t  i t  was once  a  major  
w idesp read  component o f  t h e  a l p i n e  v e g e t a t i o n  on t h e  upper  f l a n k s  
o f  Mauna Kea ( C a r r  u n p u b l i s h e d ) .  
Accord ing  t o  D a v i s  and Heywood ( 1 9 6 3 ) ,  t h e  s u b s p e c i e s  
c a t e g o r y  h a s  been  w i d e l y  a c c e p t e d  a s  a  c o n s i d e r a b l e  segment  o f  a  
s p e c i e s  w i t h  a g e n e r a l l y  d i s t i n c t  g e o g r a p h i c a l  a r e a  and more o r  
l e s s  d i s t i n c t  morphology.  Many s u b s p e c i e s  a r e  of t31-1  
d i s t i n g u i s h e d  by s e v e r a l  s m a l l  and u s u a l l y  q u a n t i t a t i v e  
d i f f e r e n c e s .  S i n c e  t h e  two ma jo r  s egmen t s  o f  - A.  -----A- s a n d w i c e n s e ,  one  
on Maui and one  on  Hawai' i ,  meet  t h e  f o r e g o i n g  c r i t e r i a ,  t h e  
  ate gory o f  s u b s p e c i e s  seems most  a p p r o p r i a t e .  
The o t h e r  s p e c i e s ,  A .  v i r e s c e n s  v a r .  p a l u d o s a  --- - .- a n d  A .  
k a u e n s e ,  a r e  a s  d i s t i n c t  from e a c h  o t h e r  a s  f rom A .  sandwicense  
--- 4 -------- 
i n  many q u a n t i t a t i v e  and q u a l i t a t i v e  c h a r a c t e r s .  Al though t h e  
two s u b s p e c i e s  o f  A .  s a n d w i c e n s e  a r e  d i f f e r e n t i a t e d  by t h e  samz 
number o f  q u a n t i t a t T v e  c h a r a c t e r s  a s  t h e  o t h e r  s p e c i e s  ( T s b l ?  5 ) ,  
t h e y  a r e  p o o r l y  d i f f e r e n t i a t e d  i n  a  q u a l i t a t i v e  s e n s e .  T h u s ,  i t  
seems impruden t  t o  a r g u e  f o r  s p e c i f i c  s t a t u s  o f  t h e  Mauna Kea and 
H a l e a k a l a  s i l v e r s w o r d s .  
4 key t o  t h e s e  s u b s p e c i e s  o f  - A. - s a n d w i c e n s e  --- and o t h e r  common 
t a x a  o f  E a s t  Maui and H a w a i ' i  a r e  p r e s e n t e d  i n  t h e  s e c t i o n  on 
taxonomy. Argyroxiphium f o r b e s i i  ( S t .  John  1971)  and A .  
v i r e s c e n s  var, v i r e s c e n s  ( H i l l e b r a n d  1 8 8 8 )  a r e  e x c l u d e d  from t h l ' s  
--- - 
key b e c a u s e  l i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  f o r  t h e s e  t a x a .  The 
former  s p e c i e s  i s  known o n l y  f rom t h e  t y p e  spec imen ,  2nd  t h e  
l a t t e r  s p e c i e s  h a s  a p p a r e n t l y  n o t  been  c o l l e c t e d  d u r i n g  t h e  p a s t  
50 y e a r s .  
I n f r a g e n e r i c  R e l a t i o n s h i p s  
--------- --- 
A l t h o u g h  t h e  Duncan t e s t  i n d i c a t e s  e i , g h t  c h a r a c t e r s  ~i t h  
s i g n i f i c a n t l y  d i f f e r e n t  mean v a l u e s  b e t w e e n  t h e  two p o p u l a t i o n s  
o f  A. k a u e n s e  ( T a b l e  5 ) ,  t h e  F tes ts  i n d i c a t e  t h a t  o n l y  f i v e  
p a i r s  o f  c h a r a c t e r  means  a r e  s i g n i f i c a n t l y  d i f f e r e n t  b e t w e e n  them 
( T a b l e  6 ) .  T h u s ,  t h e r e  i s  a n  i n d i c a t i o n  o f  d i f f e r e n t i a t i o n  
b e t w e e n  t h e  two p o p u l a t i o n s  o f  A. k a u e n s e .  However ,  b e c a u s e  o n l y  
a  s i n g l e  c o m p l e t e  i n d i v i d u a l  oT t h e  Power L i n e  Kipuka  p o p u l a t i o n  
h a s  b e e n  e v a l u a t e d ,  more  s t u d i e s  a r e  r e q u i r e d  b e f o r e  f i r m  
c o n c l u s i o n s  c a n  be d r a w n .  
The r e s e m b l a n c e  o f  A. s a n d w i c e n s e  s s p .  m a c r o c e p h a l u m  and  A.  
s a n d w i c e n s e  SSD. s a n d w i c e n s e  i n  11 o f  1 5  v e s e t a t i v e  c h a r a c t e r s  
-
and 2 8  o f  30 c a p i t u l u m  c h a r a c t e r s  ( T a b l e  7 )  i n d i c a t e s  t h a t  t h e y  
a r e  v e r y  c l o s e l y  r e l a t e d  t a x a .  C o n s i d e r i n g  t h e  g e o g r a p h i c a l  
d i s t r i b u t i o n s ,  o n e  m i g h t  e x p e c t  t h e  Maui t a x a  - A .  v i r e s c e n s  -- v a r .  
p a l u d o s a  a n d  A. - -.-- s a n d w i c e n s e  s s p .  m a c r o c e p h a l u m  t o  r e s e m b l e  o n e  
a n o t h e r  i n  a  l a r g e  number o f  c h a r a c t e r s .  The same m i g h t  b e  
e x p e c t e d  o f  t h e  H a w a i q i  t a x a  A. s a n d w i c e n s e  s s p .  s a n d w i c e n s e  ---- a n d  
A .  k a u e n s e .  However.  t h e  r e s u l t s  show t h a t  t h e r e  a r e  v e r y  l o w  
-- --- 
a f f i n i t i e s  b e t w e e n  t h e  two t a x a  o f  b laui ,  a n d  a l t h o u g h  t h e r e - i s  a  
h i g h  r e s e m b l a n c e  o f  c h a r a c t e r s  b e t w e e n  t h e  two t a x a  o f  H a w a i l i ,  
t h e r e  i s  s t i l l  h i g h e r  r e s e m b l a n c e  b e t w e e n  - A. -- k a u e n s e  a n d  A .  
v i r e s c e n s  -- v a r .  p a l u d o s a ,  e v e n  t h o u g h  t h e y  a r e  f r o m x f f e r e n t  
i s l a n d s .  On t h e  o t h e r  h a n d ,  t h e  s i m i l a r i t y  o f  A.  s a n d w i c e n s e  -- 
s s p .  m a c r o c e p h a l u m  - i n  v e g e t a t i v e  and  inflorescence~characters t o  
A .  
- v i r e s c e n s  v a r  . a l u d o s a ,  and  o f  A .  ---- s a n d w i c e n s e  s s p .  
s a n d w z e n s e  t o  A. - kauens: i s  g r e a t  i n  r e l a t i o n  t o  t h e  r e s t  o f  t h e  
p a i r w i s e  c o m p a r i s o n s .  V e g e t a t i v e  and  i n f l o r e s c e n c e  c h a r a c t e r s  
s u g g e s t  a  l i n e a r  p a t t e r n  o f  r e l a t i o n s h i p  a s  f o l l o w s :  A.  
v i r e s c e n s  v a r  . p a l u d o s a - ~ .  s a n d w i c e n s e  ssp. macrocepha lum-x .  
s a n d w i c e n s e  s s ~ .  s a n d w i c e n s e - A .  k a u e n s e .  T h i s  c o r r e l a t e s  w e i l  
w i t h  t h e  g e o g r a p h i c a l  d i s t r i b u t i o n  o f  t h e s e  t a x a ,  a n d  A.  
s a n d w i c e n s e  w o u l d - b e  t h e  l i n k  b e t w e e n  t h e  A r g y r o x i p h i u m  o f  ~ a s t  
--- 
Maui and H a w a i l i .  However ,  t h e  c a p i t u l u m  c h a r a c t e r s  d o  n o t  
s u p p o r t  t h i s  p a t t e r n  o f  r e l a t i o n s h i p s .  F o r  e x a m p l e ,  t h e y  
i n d i c a t e  a  h i g h  r e s e m b l a n c e  o f  A .  v i r e s c e n s  v a r .  ~ a l u d o s a  and  A. 
k a u e n s e  i n  2 5  o f  30 c h a r a c t e r s .  ~ h i s x t u a t i o n  may be d u e  t o  
--- 
c o n v e r g e n t  e v o l u t i o n  o f  r e p r o d u c t i v e  f e a t u r e s  a d a p t e d  f o r  s i m i l a r  
r e p r o d u c t i v e  modes i n  s i m i l a r  e x t r e m e  e n v i r o n m e n t s  ( C a r l q u i s t  
1 9 7 4 ) .  
A l s o ,  i t  i s  p o s s i b l e  t h a t  h y b r i d i z a t i o n  b e t w e e n  A .  
s a n d w i c e n s e  - s s p .  - s a n d w i c e n s e  - a n d  a  g r e e n s w o r d  was  i n v o l v e d  i n  tKe 
o r i g i n  o f  - A .  k a u e n s e .  The r e s e m b l a n c e  o f  A.  - k a u e n s e  -- a n 3  - A .  
s a n d w i c e n s e  s s p .  s a n d w i c e n s e  i n  1 0  o f  1 5  v e g e t a t i v e  and  
------ 
i n f l o r e s c e n c e  c h a r a c t e r s  i s  h i g h ,  c o n s i d e r i n g  t h a t  t h e  two 
s u b s p e c i e s  o f  A. s a n d w i c e n s e  r e s e m b l e  o n e  a n o t h e r  i n  11 o u t  o f  1 5  
v e g e t a t i v e  c E a r a c t e r s .  * A r g y r o x i p h i u m  --- k a u e n s e  r e s e m b l e s  5 .  
s a n d w i c e n s e  s s p .  s a n d w i c e n s e  i n  l e a f  and  i n f l o r e s c e n c e  
--- 
p r o p o r t i o n s  ( F i g u r e s  4 ,  5 ) .  I n  a d d i t i o n ,  A.  k a u e n s e  i s  
i n t e r m e d i a t e  b e t w e e n  A .  s a n d w i c e n s e  s s p .  s a n d w i c e n s e  ---- a n d  A.  
v i r e s c e n s  v a r .  g a l u d o s a  i n  t h e  number o f  r a y  f l o r e t s  p e r  
----- --- 
c a p i t u l u m ,  c a p i t u l u m  d i a m e t e r  ( F i g u r e  3 ) ,  c o l o r  o f  l i g u l e ,  pappus  
c o n d i t i o n ,  l e a f  i ndumen t ,  and l e n g t h  o f  s tem below t h e  r o s e t t e .  
E c o l o g i c a l l y ,  A. kauense  i s  a l s o  i n t e r m e d i a t e  be tween  t h e  two 
l a t t e r  m e n t i o n e 3  t a x a .  C o n s i d e r i n g  t h e  o b s e r v a t i o n s  made by C a r r  
and Xyhos ( 1 9 8 1 )  on h y b r i d i z a t i o n  i n  t h i s  g r o u p  o f  p l a n t s ,  t h e  
m o r p h o l o g i c a l  and e c o l o q i c a l  o b s e r v a t i o n s  o f  t h i s  s t u d y  s u j q e s t  
t h e - p o s s i b i l i t y  o f  t h e  h y b r i d  o r i g i n  of A .  kauense .  ~ o r e o v e r ;  a n  
a r t i f i c i a l  h y b r i d  be tween  A .  s a n d w i c e n s e  s s p .  s a n d w i c e n s e  a n d  A. 
v i r e s c e n s  v a r .  ~ a l u d o s a  grown a t  t h e  Depar tment  o f  Botany o f  tKe 
- 
u n i v e r s i t y  o f  Hawaii  e z h i b i t s  t h e  number o f  r a y  f l o r e t s ,  l i g u l e  
c o l o r ,  c a p i t u l u m  s i z e ,  l e a f  w i d t h ,  and l e a f  indument  i n  t h e  r a n g e  
o f  A.  kauense .  O the r  f e a t u r e s  s u c h  a s  l e a f  l e n g t h  and 
i n f l o ~ e s c e n c e  ~ ? o p o r t i o n s  a r e  d i s s i m i l a r ,  b u t  t h e s e  c h a r a c t e r s  
have  been  o b s e r v e d  t o  be  o u t  o f  normal  r a n g e s  i n  o t h e r  c u l t i v a t e d  
Argyroxiphium. One problem w i t h  t h i s  h y p o t h e s i s  i s  t h e  f a c t  t h a t  
g r e e n s w o r d s  a r e  n o t  known from t h e  i s l a n d  of H a w a i ' i .  However, 
s i l v e r s w o r d - g r e e n s w o r d  h y b r i d s  have  been  r e p o r t e d  from E a s t  Maui 
(Rock and Neal  1 9 5 7 ) .  
Argyroxiphium v i r  e s c e n s  v a r  . a l u d o s a  r e s e m b l e s  A .  
s a n d w i c s n s e  s s p .  s a n d w i c e n s e  and s s p .  mzcrocephalum i n  a b o u t  tbe 
same t o t a l  number o f  f e a t u r e s .  However, t h e  r e s e m b l a n c e  o f  t h e  
f i r s t  p a i r  i s  l a r g e l y  due  t o  t h e  s m a l l e r  s i z e  o f  t h e  c a p i t u l u m  of  
A .  s a n d w i c e n s e  s s p .  s andwicense  i n  compar i son  t o  t h a t  o f  s s p .  
- 
macrocephalum. 
- 
L i k e w i s e ,  Argyroxiphium kauense  r e s e m b l e s  A .  s a n d w i c e n s e  
s s p .  macrocephalum and s s p .  s a n d w i c e n s e  i n  a b o u t  t h e  same number 
o f  c a p i t u l u m  f e a t u r e s .  However, t h e  f i r s t  p a i r  r e s e m b l e  o n e  
anothe ;  i n  o n l y  3  o f  1 5  v e g e t a t i v e  and i n f l o r e s c e n c e  c h a r a c t e r s .  
T h i s  i s  low i n  compar i son  t o  t h e  r e s e m b l a n c e  o f  - A. ---- kauense  and A. - 
sandwicense  s s p .  - s a n d w i c e n s e .  
The two s u b s p e c i e s  o f  - A .  s a n d w i c e n s e  have  t h e  h i g h e s t  
c o e f f i c i e n t s  o f  v a r i a t i o n  i n  a  g r e a t e r  number of  c h a r a c t e r s  
compared t o  t h e  o t h e r  two t a x a .  T h i s  p a t t e r n  s u j g e s t s  
c o r r e l a t i o n  be tween  h i g h  c h a r a c t e r  v a r i a t i o n  and p o p u l a t i o n s  o f  
t h e  a l p i n e  e n v i r o n m e n t ,  and be tween  low c h a r a c t e r  v a r i a t i o n  and 
p o p u l a t i o n s  o f  t h e  bog o r  b o g - l i k e  c o n d i t i o n s .  I t  i s  known tha t .  
Argyroxiphium a d a p t e d  t o  bogs  o r  b o g - l i k e  c o n d i t i o n s  e x h i b i t  a 
h i g h  d e g r e e  o f  v e g e t a t i v e  r e p r o d u c t i o n .  T h i s  m i g h t  b e  p a r t l y  
r e s p o n s i b l e  f o r  t h e  low c h a r a c t e r  v a r i a t i o n  found i n  t h a t  
h a b i t a t .  However, more s t u d y  o f  t h e s e  p o p u l a t i o n s  and t h e i r  
e n v i r o n m e n t  is  n e c e s s a r y  b e f o r e  any  c o n c l . u s i o n s  may b e  drawn.  
TAXONOMY 
Argyroxiphium DC. P r o 3 r .  5:668. 1836;  C o l l .  Mem. 9. P1. 6.  
-- 
1 8 3 8.:- 
Argyrophyton Hook. Comp. Bo t .  Mag. 2 ~ 1 6 3 .  1837;  I c o n .  
P l a n t .  Vol .  1, p t .  3 ,  p l .  75. 1 8 3 7 .  
DESCRIPTION: Subcaulescent  t o  c a u l e s c e n t  p e r e n n i a l s ;  mostly 
herbaceous ,  bu t  with a  s h o r t ,  e r e c t ,  sometimes c reep ing  woody 
stem crowned with numerous l e a v e s  s p i r a l l y  arranged i n t o  a  
subsphe r i ca l  r o s e t t e  5-90 cm i n  d i ame te r ;  a x i s  branched o r  
unbranched; i n f l o r e s c e n c e  produced by rap id  b o l t i n g  p roces s  a f t e r  
long per iod of v e g e t a t i v e  growth; unbranched p l a n t s  monocarpic. 
Leaves r i g i d ,  e n t i r e ,  s e s s i l e ,  d i l a t e d  a t  t he  base ,  l i n e a r  t o  
l i n e a r - l a n c e o l a t e ,  f l a t ,  t r i a n g u l a r  o r  rhomboid i n  c r o s s - s e c t i o n ,  
3-32 cm long ,  0 . 2 - 2  cm wide a t  t h e  midpoint ,  l o n g i t u d i n a l l y  
nerved,  b r i l l i a n t l y  s i l v e r  f l occose - se r  i ceous  t o  g ray  
tomentose-ser iceous  o r  g l a b r a t e  and dark green .  I n f l o r e s c e n c e  an 
e r e c t  raceme o r  p a n i c l e ,  oblong t o  l a n c e o l a t e ,  e s s e n t i a l l y  
a c r o p e t a l  or  b i d i r e c t i o n a l ,  comprising 5-630 more o r  l e s s  
h e l i c o i d a l l y  a r range3  c a p i t u l a ;  r a c h i s  hollow, 0.3-3.5 m long ,  
4-9 cm i n  d iamete r ;  peduncular  b r a c t s  l a n c e o l a t e ,  
g l a n d u l a r - p i l o s e ,  sma l l e r  above, l a r g e  and more l e a f - l i k e  below; 
peduncle hollow, compressed, r i g i d ,  4 -40  crn l ong ,  bear ing  one 
l a r g e  capi tu lum o r  l e s s  o f t e n  up t o  10 sma l l e r  c a p i t u l a ;  
b r a c t l e t s  ye l l owi sh ,  o b l a n c e o l a t e ,  g l andu la r  p i l o s e .  Capitulum 
0.8-3.5 cm long ,  1.0-4.3 cm i n  d i ame te r ;  r e c e p t a c l e  u s u a l l y  
convex t o  c o n i c a l ,  g l ab rous ;  i nvo luc re  campanulate t o  
hemispher ic ;  i n v o l u c r a l  b r a c t s  o b l a n c e o l a t e  with a t t e n u a t e  base s ,  
a c u t e  o r  acuminate a p i c e s ,  g l a n d u l a r - p i l o s e  wi thout  and g l ab rous  
and sh iny  w i t h i n ,  en fo ld ing  t h e  r ay  achenes ,  ar ranged i n  a  s i n g l e  
row, b a s a l l y  adna t e  t o  t h e  p e r i p h e r a l  r e c e p t a c u l a r  b r a c t s ,  and 
where very  numerous, sometimes a l s o  b a s a l l y  conna te ;  p e r i p h e r a l  
r e c e p t a c u l a r  b r a c t s  g l ab rous ,  sh iny  a t  t h e  base ,  g l a n d u l a r - p i l o s e  
on t he  a p i c a l  do r sa  and margins ,  conna te ,  u s u a l l y  i n  on ly  one 
row, t h i s  c o n s t i t u t i n g  t h e  r e c e p t a c u l a r  cup; inner  r e c e p t a c u l a r  
b r a c t s  few o r  a b s e n t ,  s i m i l a r  t o  p e r i p h e r a l  b r a c t s  b u t  narrower.  
Ray f l o r e t s  1 - 4 2 ,  p i s t i l a t e ,  f e r t i l e ;  l i g u l e  3-20 mm l ong ,  2-5 mn 
wide, u s u a l l y  3  lobed ,  n e a r l y  whi te  t o  yellow o r  t o  r o s e  o r  wine 
red.  Ray achenes l i n e a r ,  4 - 1 4  mm long ,  a r c u a t e ,  g e n e r a l l y  4-5 
r i bbed ,  b l a c k i s h ;  pappus p r e s e n t  a t  t h e  d o r s a l  t i p ,  0 - 2 . 0  mm 
l ong ,  t r u n c a t e  and coroniform or reduced t o  a  s i n g l e  s c a l e  o r  
absen t .  D i s k  f l o r e t s  75-600, p e r f e c t ,  f e r t i l e ,  4-7 mm long,  
mostly funnelform,  sometimes campanulate,  r a r e l y  s u b u r c e o l a t e ,  
d i s t a l l y  f l a r e d  i n t o  5 d e l t o i d  l o b e s  0.5-1.0 mm long;  a n t h e r s  
b a s a l l y  o b t u s e ,  t e r m i n a l l y  appendaged; t h e  2 s t y l e  branches  
l i n e a r ,  f l a t ,  widened a t  d e l t o i d  end wi th  dense p e n i c i l l a t e  
c o l l e c t i n g  h a i r s ,  r a r e l y  t r u n c a t e .  D i s k  achenes  l i n e a r ,  s l i g h t l y  
a r c u a t e ,  5-15 mm long ,  g e n e r a l l y  4-5 r ibbed ;  pappus of  1-11 
s h o r t ,  broad,  unequal ,  a c u t e  o r  ob tuse  s c a l e s ,  r a r e l y  a b s e n t  o r  
sometimes merely reduced,  t h e  r educ t ion  most pronounced on t h e  
v e n t r a l  apex of t h e  achene. 
TYPE S P E C I E S :  Argyroxiphium sandwicense -- BC. 
Key t o  t h e  Common Taxa of Argyroxiphium of Eas t  Maui and Hawai' i 
-- -- --- --- - -- --.-- ---- -- ----- 
1. Fol iage  g l a b r a t e ,  g reen ;  t h e  l e a v e s  f l a t ,  conspicuously  
n e r v e d ;  r a y  f l o r e t s  1 -8 ,  n e a r l y  a l w a y s  l e s s  t h a n  4  ( M a u l )  
1. A. v i r e s c e n s  v a r .  e a l u d o s a  
- ----- -.----.- 
1. F o l i a g e  s i l v e r y  s e r i c e o u s ,  d u l l  g r a y  t o  b r i l l i a n t l y  s i l v e r y ;  
t h e  l e a v e s  t r i a n g u l a r  t o  r h o m b o i d a l  i n  c r o s s - s e c t i o n ,  n o t  
c o n s p i c u o u s l y  n e r v e d ;  r a y  f l o r e t s  3-42,  n e a r l y  a l w a y s  more  
t h a n  5 .  
2. L e a v e s  s i l v e r y  g r a y  ( d u l l  i n  h e r b a r i u m  s p e c i m e n s ) ,  
s e r i c e o u s ,  b u t  t h e  h a i r s  n o t  t o t a l l y  o c c l u d i n g  t h e  
s u r f a c e ,  more  t h a n  4 5  times l o n g e r  t h a n  b r o a d ,  r o s e t t e  
o f t e n  e l e v a t e d  o n  a  s h o r t  stem; l i g u l e s  y e l l o w  t o  w h i t e ,  
o c c a s i o n a l l y  t i n g e d  w i t h  w i n e  r e d  ( H a w a i '  i )  
2. A. k a u e n s e  
- -- 
2.  L e a v e s  b r i l l i a n t l y  s i l v e r y  ( e v e n  i n  h e r b a r i u m  s p e c i m e n s ) ,  
c o p i o u s l y  f l o c e o s e - s e r i c e o u s ,  t h e  mat o f  h a i r s  t o t a l l y  
o c c l u d i n g  t h e  s u r f a c e ,  l e s s  t h a n  3 5  t imes l o n g e r  t h a n  
b r o a d ;  r o s e t t e  n e a r l y  a l w a y s  s e s s i l e ;  l i g u l e  d e e p  w i n e  
r e d  t o  p a l e  p i n k ,  n o t  y e l l o w .  
3. A. s a n d w i c e n s e  
- ---- 
3 .  I n f l o r e s c e n c e  4 .4-8 .9  ( 2  = 6 . 0 )  t i m e s  l o n g e r  t h a n  
b r o a d ;  r a y  f l o r e t s  5-20 (I = 1 2 . 5 ) ;  l e a v e s  19 .5 -32 .7  
( Z  = 2 5 . 5 )  t imes l o n g e r  t h a n  b r o a d  ( H a w a i ' i )  
3A. - A. s a n d w i c e n s e  - s s p .  s a n d w i c e n s e  
----- 
3.  I n f l o r e s c e n c e  1 .5 -3 .8  (x = 2 . 5 )  t imes l o n g e r  t h a n  
b r o a d ;  r a y  f l o r e t s  11-42 (x = 2 3 . 6 ) ;  l e a v e s  1 2 . 3 - 2 1 . 1  
( Z  = 1 7 . 2 )  times l o n g e r  t h a n  b r o a d  ( M a u i )  
3B. A. s a n d w i c e n s e  s s p .  macrocepha lum 
- ----- --- ----- --- 
1. A r g y r o x i p h i u m  v i r e s c e n s  Hbd. v a r .  p a l u d o s a .  S t .  John  Pat. 
--- - -
S c i .  25:70-73.  1971 .  
DESCRIPTION: M o s t l y  h e r b a c e o u s ,  b u t  b a s a l l y  woody r o s e t t e  
p l a n t ,  t h e  woody b a s a l  p o r t i o n  b e l o w  t h e  l e a v e s  3-50 (7 = 1 6 . 2 )  
cm l o n g ,  r a r e l y  u p  t o  1 . 2  cm l o n g ,  3 .5-5 .0  ( 2  = 4 . 2 )  c m  t h i c k ,  
t h e  o p e n  r o s e t t e  26-71 ( B  = 4 5 . 5 )  cm l o n g ,  36-52 ( Z  = 4 4 . 5 )  c m  i n  
d i a m e t e r ;  t h e  a x i s  u s u a l l y  b r a n c h e d .  L e a v e s  f l e x i b l e ,  s t r a i g h t  
o r  r e c u r v e d ,  f l a t  and t h i c k  i n  c r o s s - s e c t i o n ,  l i g u l a t e ,  
s u b c u n e a t e  t o w a r d  t h e  d i l a t e d  b a s e ,  t h e  m a r g i n  r e m o t e  s e r  c u l a t e  
t o w a r d  t h e  a c u t e  a p e x ,  6 .5-28.0  ( p  = 1 8 . 8 )  cm l o n g ,  0.9-2.0 (!J = 
1 . 4 )  cm w i d e  a t  t h e  m i d p o i n t ,  d a r k  g r e e n ,  g l a b r a t e  a b o v e ,  
s p a r s e l y  p i l o s u l o u s  b e l o w  a n d  more  d e n s e l y  p i l o s u l o u s - c i l i a t e  o n  
t h e  m a r g i n ,  7-9 p a r a l l e l  n e r v e s  r a i s e d  and  e v i d e n t  b e l o w ,  marked 
a b o v e  by  n a r r o w  f u r r o w s .  Raceme s i m p l e  o r  p a r t i a l l y  p a n i c u l a t e ,  
b r o a d l y  e l l i p t i c  t o  l a n c e o l a t e ,  0 .5-0 .7  ( 2  = 0 . 6 )  Q l o n g ,  30-40 
( X  = 3 3 . 3 )  cm w i d e ,  b e a r i n g  75-200 (x = 1 3 5 . 2 )  c a p i t u l a ,  
s o m e t i m e s  e n d i n g  w i t h  a t e r m i n a l  c a p i t u l u m ;  b r a c t s  6 . 0 - 1 5 . 3  ( u  = 
1 0 . 1 )  c m  l o n g ,  0 . 8 - 1 . 8  ( u  = 1 . 4 )  c m  w i d e ;  p e d u n c l e s  1 . 0 - 1 9 . 5  ( y  = 
1 0 . 7 )  cm l o n g ,  2-5 ( y  = 3 . 6 )  mm w i d e ,  b r a n c h e d  o r  m o r e  o f t e n  
u n b r a n c h e d ,  b e a r i n g  0-4 smal ler  c a p i t u l a  i n  a d d i t i o n  t o  t h e  l a r g e  
t e r m i n a l  o n e ;  b r a c t l e t s  1-11 ( y  = 4 . 4 ) ,  1 .5 -4 .6  ( y  = 2 . 7 )  c m  
l o n g ,  0 .2 -0 .7  ( y  = 0 . 4 )  c m  w i d e .  C a p i t u l a  1 . 4 - 2 . 0  (p = 1.6) cm 
l o n g ,  1 . 1 - 2 . 1  ( y  = 1 . 5 )  cm i n  d i a m e t e r ;  r e c e p t a c l e  c o n i c a l ,  
0 . 5 - 0 . 8  ( = 0 . 7 )  c m  i n  d i a m e t e r ;  i n v o l u c r a l  b r a c t s  a s  many a s  
r a y  f l o r e t s ,  0 . 9 - 1 . 3  (p = 1 . 2 )  cm l o n g ,  1-3  (y  = 2 . 6 )  mm w i d e ;  
p e r i p h e r a l  r e c e p t a c u l a r  b r a c t s  24-46 ( y  = 3 1 . 7 ) ;  i n n e r  
r e c e p t a c u l a r  b r a c t s  0-1  ( p  = 0 . 2 ) ,  0 . 7 - 0 . 8  ( y  = 0 . 8 )  cm l o n g ,  0 . 5  
mm w i d e .  Ray f l o r e t s  1-8 ( y  = 1 . 4 ) ;  t u b e  0 . 2 - 0 . 4  (1-1 = 0 . 3 )  cm 
l o n g ,  3-4 ( y  = 3 . 4 )  mm w i d e ;  l i g u l e  mimosa  y e l l o w  a n d  w h i t e ,  
s o m e t i m e s  w i t h  w i n e  r e d  t i n g e s ,  0 .6-0 .7  ( y  = 0 . 6 2 )  cm l o n g ,  
0 . 3 - 0 . 4  ( p  = 0 . 3 4 )  mm w i d e ,  3-4 ( = 3 . 4 )  l o b e d ,  4-6 ( y =  4 . 9 )  
v e i n e d ;  s t y l e  0 .4 -0 .5  ( y  = 0 . 4 5 )  cm l o n g ,  2  b r a n c h e d ,  t h e  
b r a n c h e s  s l i g h t l y  a r c u a t e - d e s c e n d i n g  1 -2  ( y  = 1 . 6 )  mm l o n g .  Ray 
a c h e n e  0 . 6 - 0 . 8  ( p  = 0 . 7 )  cm l o n g ,  1-2 ( p  = 1 . 3 )  mm w i d e ,  4-5 (ll = 
4 . 5 )  r i b b e d ;  p a p p u s  r e d u c e d .  D i s k  f l o r e t s  1 0 0 - 2 7 1  ( u  = 1 6 5 . 4 ) ,  
g l a b r o u s ,  n a r r o w l y  c a m p a n u a l t e ,  sometimes s u b u r c e o l a t e ,  0 . 5 - 0 . 6  
( l - l = O .  5 7 )  cm l o n g ,  1 . 0 - 2 . 0  (1.1 = 1 . 6 )  mm w i d e ;  s t y l e  0 . 6 - 0 . 8  ( P  = 
0 . 7 )  cm l o n g ,  2  b r a n c h e d ,  t h e  b r a n c h e s  1-2 ( y  = 1 . 9 5 )  mm l o n g ;  
s t a m e n  f i l a m e n t  2 .0  mm l o n g ;  a n t h e r  2 . 0  mm l o n g .  D i s k  a c h e n e  
0 . 6 - 0 . 7  ( p  = 0 . 6 7 )  cm l o n g ,  1 . 0  mm w i d e ,  4-5 (1-1 = 4 . 5 )  r i b b e d ;  
p a p p u s  o f  2-3 a c u t e  s c a l e s .  
TYPE: H a w a i i a n  I s l a n d s ,  Maui I s l a n d ,  H a l e a k a l a ,  
K i p a h u l u - K u h i w a  d i v i d e ,  among s e d g e s  i n  swamp, 6400  f t .  a l t . ,  
A U ~ .  2 1 ,  1 9 4 5 ,  - H.  - S t .  J o h n  --- a n d  A . - L .  - M i t c h e l l  - 21000  (HOL3TYPE: 
BISH! ) . 
SELECTED SPECIMENS EXAMINED: H a w a i i a n  I s l a n d s ,  Maui  I s l a n d ,  
Hana F o r e s t ,  b o g s  b e t w e e n  K i p a h u l u  a n d  Kuhiwa V a l l e y s ,  Aug.  2 ,  
1 9 7 7 ,  M e y r a t ,  - - -  C a r r ,  & Stemmermann 5 2 ,  5 3  ( H A W ) .  
2 .  A r g y r o x i p h i u m  k a u e n s e k ( R o c k  & N e a l )  Deg.  & Deg.  P h y t o l o g i a  
3 3 ( 3 ) : 1 7 3 - 1 7 7 .  1 9 7 6 .  
A r g y r o x i p h i u m  - s a n d w i c e n s e  DC. v a r  . k a u e n s e  Rock a n d  Neal 
O c c .  P a p .  B.  P. B i s h o p  Mus. 2 2 ( 4 ) : 3 1 - 3 3 .  1 9 3 5 .  
F i g u r e s  7A, 8AI 9A 
DESCRIPTION: M o s t l y  h e r b a c e o u s ,  b u t  b a s a l l y  woody r o s e t t e  
p l a n t ,  t h e  woody p o r t i o n  b e l o w  t h e  l e a v e s  3-70 ( Z  = 4 0 )  c m  l o n g  
a n d  3 .5 -7 .5  (x = 5 . 1 )  cm t h i c k ,  t h e  l o o s e  s u b s p h e r i c  r o s e t t e  
12-55  (x = 2 8 . 6 )  cm h i g h  a n d  33-83 ( E  = 5 9 . 5 )  cm i n  d i a m e t e r ;  t h e  
a x i s  u s u a l l y  u n b r a n c h e d  a n d  m o n o c a r p i c ,  b u t  s o m e t i m e s  b r a n c h i n g .  
L e a v e s  f l e x i b l e ,  s m o o t h l y  a r c u a t e  a s c e n d i n g  o r  s t r a i g h t ,  
s u c c u l e n t ,  l i n e a r ,  r h o m b o i d a l  i n  c r o s s - s e c t i o n ,  23 .2 -39 .5  ( U  = 
3 1 . 7 )  cm l o n g ,  0 .4 -0 .8  ( p  = 0 . 6 )  cm w i d e  a t  t h e  m i d p o i n t ,  g r a y i s h  
s i l v e r y  s e r i c e o u s  o n  a l i g h t  g r e e n  b a c k g r o u n d .  Raceme s i m p l e ,  o r  
v e r y  r a r e l y  p a r t i a l l y  p a n i c u l a t e ,  n a r r o w l y  e l l i p t i c ,  1 .1 -2 .2  ( 2  = 
1 . 5 )  m l o n g ,  15-29  (x = 2 3 . 1 )  cm w i d e ,  b e a r i n g  154-350  (x = 2 6 8 )  
c a p i t u l a ,  u s u a l l y  w i t h  a t e r m i n a l  c a p i t u l u n  1 .7 -2 .2  ( Z  = 2 . 0 )  c m  
l o n g  a n d  1 .6 -2 .2  (x = 2 . 0 )  c m  i n  d i a m e t e r ;  b r a c t  2-26 ( v  = 1 0 . 4 )  
cm l o n g ,  0.3-1.6 ( y  = 0 . 9 )  cm w i d e ;  p e d u n c l e  3 . 1 - 1 4 . 3  ( p  = 9 . 5 )  
cm l o n g ,  1-3  ( p  = 2 . 2 )  mm w i d e ;  b r a c t l e t s  1 -3  ( p  = 2 . 4 )  p e r  
p e d u n c l e ,  1 . 3 - 3 . 3  ( p  = 2 . 4 )  cm l o n g ,  0 .1 -0 .5  ( p  = 0 . 3 )  c m  w i d e .  
C a p i t u l a  1 . 5 - 2 . 2  ( p  - 1 . 9 )  cm l o n g ,  1 . 0 - 1 . 8  ( p  = 1 . 5 )  c m  i n  
d i a m e t e r ;  r e c e p t a c l e  c o n v e x ,  0 .6-0 .9  ( y  = 0 . 7 )  cm i n  d i a m e t e r ;  
i n v o l u c r a l  b r a c t s  a s  many a s  r a y  f l o r e t s ,  0 .5 -1 .5  ( u  = 1.1) cm 
l o n g ,  1-4 ( v  = 2 . 4 )  mm w i d e ;  p e r i p h e r a l  r e c e p t a c u l a r  b r a c t s  22-42 
( = 3 6 ) ;  i n n e r  r e c e p t a c u l a r  b r a c t s  0-3 ( p  = O . l ) ,  0 . 8 - 1 . 1  ( p  = 
0 . 9 )  cm l o n g ,  0.3-1.0 (y = 0 . 8 )  mm w i d e .  Ray f l o r e t s  3-11 ( p  = 
8 . 2 ) ;  t u b e  0 .2 -0 .4  ( p  = 0 . 3 )  c m  l o n g ;  l i g u l e  w h i t e ,  b u t  m o r e  
u s u a l l y  m i x t u r e  o f  d i f f e r e n t  t o n e s  o f  w i n e  r e d ,  r o s e ,  c a r m i n e ,  
c h r o m e  y e l l o w ,  mimosa y e l l o w  a n d  w h i t e ,  s o m e t i m e s  p i l o s u l o u s  o n  
t h e  a d a x i a l  s u r f a c e ,  0 .5-0 .8  ( y  = 0 . 6 )  c m  l o n g ,  0.2-0.5 ( y  = 8 . 3 )  
crn w i d e ,  2-5 ( y  = 2 . 8 )  l o b e d ,  6-9 ( y  = 7 . 1 )  v e i n e d ;  s t y l e  0 .2 -0 .5  
( p  = 0 . 4 )  cm l o n g  w i t h  s p a r s e l y  d i s p e r s e d  h i s p i d u l o u s  t r i c h o m e s ,  
2  b r a n c h e d ,  t h e  b r a n c h e s  r o l l e d ,  2-2.5 ( p  = 2 - 0 1  l o n g  a n d  
s l i g h t l y  t r u n c a t e .  Ray a c h e n e  0 .7 -0 .9  ( p  = 0 . 8 )  cm l o n g ,  1-2 
( p = 1 . 4 )  mm w i d e ,  4-8 ( y  = 5 . 3 )  r i b b e d ;  p a p p u s  a b s e n t .  D i s k  
l o r e t s  45-214 ( p  = 1 4 2 . 8 ) ,  f u n n e l - f o r m  c h r o m e  y e l l o w ,  u s u a l l y  
w i t h  w i n e  r e d  t i n g e s  a b o v e  a n d  w h i t i s h  b e l o w ,  0 .5-0 .7  ( p  = 0 . 6 )  
cm l o n g ,  1 .0 -2 .5  j y  = 2 . 0 )  mm w i d e ;  s t y l e  0 .4 -0 .8  ( u  = 0 . 7 )  cm 
l o n g ,  2  b r a n c h e d ,  t h e  b r a n c h e s  1 . 5 - 2 . 5  ( p  = 2 . 0 )  mm l o n g ;  s t a m e n  
f i l a m e n t  2 . 0  mm l o n g ;  a n t h e r  l o o s e l y  c o n n a t e  2 .0-2 .5  (11 = 2 . 4 )  mm 
l o n g .  D i s k  a c h e n e  0 .6 -1 .0  ( p  = 0 . 8 )  cm l o n g ,  0 .7-2 .0  ( p  = 1 . 6 )  
mm w i d e ,  3-7 ( y  = 4 . 5 )  r i b b e d ;  p a p p u s  o f  3-9 t r u n c a t e ,  f i ~ n b r i a t e  
sca les .  
TYPE: Kahuku ,  a b o v e  Kau F o r e s t  R e s e r v e  a t  C h a r l i e  S t o n e ,  
6700  f t .  a l t . ,  J u l y ,  1 9 5 6 ;  - L.  - Will iams - B r y a n  -- - 25670 ( H O L O T Y P E :  
BISH!) . 
SELECTED SPECIMENS EXAMINED: H a w a i i a n  I s l a n d s ,  B a w a i ' i  
I s l a n d ,  Mauna L o a ,  Kahuku R a n c h ,  1 8 2 9  m a l t . ,  Aug. 2 0 ,  1 9 7 7 ,  
M e y r a t ,  J a c o b i ,  E v e n s o n ,  & Stemmermann 1 3 ,  1 4 ,  1 7  ( H A W ) ;  Aug .  2 ,  
1 9 7 8 ,  M e y r a t ,  L a m o u r e u x ,  - ~ y e m m e r m a n n ,  - - -  & H i w h i n o  --- 8 4 ,  5 7 ,  8 8 ,  59 ,  
9 0 ,  9 1 ,  9 2 ,  9 3 ,  94 ( H A W ) .  
3 .  A r g y r o x i p h i u m  s a n d w i c e n s e  DC. P r o d r .  5 : 6 6 8 .  1 8 3 6 ;  C o l l .  
-- -- 
Mem. 9 ,  p l .  8. 1 8 3 8 .  
DESCRIPTION: M o s t l y  h e r b a c e o u s ,  b u t  b a s a l l y  woody r o s e t t e  
p l a n t ,  t h e  woody b a s a l  p o r t i o n  b e l o w  t h e  l e a v e s  3-10 cm l o n g ,  
3 .5 -7 .0  crn t h i c k ;  t h e  c o m p a c t  s u b s p h e r i c  r o s e t t e  18-67 (Gab = 
3 1 . 5 )  cm h i g h ,  19-90 ( x a b  = 5 0 )  cm i n  d i a m e t e r ,  composed  o f  many 
s p i r a l l y  a r r a n g e d  l e a v e s ;  t h e  a x i s  u n b r a n c h e d  a n d  m o n o c a r p i c ,  b u t  
s o m e t i m e s  b r a n c h i n g  i n  r e s p o n s e  t o  i n j u r y  o f  t h e  m e r i s t e m .  
L e a v e s  r i g i d ,  a r c u a t e - a s c e n d i n g ,  s u c c u l e n t ,  l i n e a r  t o  l i n e a r  
l a n c e o l a t e ,  m o r e  o r  l e s s  t h r e e  a n g l e d  i n  c r o s s - s e c t i o n ,  13-39  
( p a b  = 2 4 . 4 ) c m l o n g 1  (4.6-2.3 ( p a b  = 1 . 2 )  cm w i d e  a t  t h e  m i d p o i n t ,  
d e n s e l y  f l o c c o s e - s e r i c e o u s  a n d  r e m a r k a b l y  s i l v e r y ,  e x c e p t  a t  t h e  
m a r g i n  o f  t h e  base l a n a t e  a n d  d u l l .  Raceme s i m p l e  o r  p a r t i a l l y  
p a n i c u l a t e ,  l a n c e o l a t e  t o  o b l o n g ,  0 . 7 - 2 . 5  (Eab  = 1 . 7 )  m l o n g  i n  
u n b r a n c h e d  p l a n t s ,  16 -78  ( g a b  = 3 4 )  cm w i d e ,  b e a r i n g  1 4 5 - 6 3 7  (Zab 
= 1 9 5 . 5 )  c a p i t u l a  i n  u n b r a n c h e d  p l a n t s ;  t e r m i n a l  c a p i t u l u m  
s o m e t i m e s  p r e s e n t ;  s e s s i l e  c a p i t u l a  s o m e t i m e s  p r e s e n t  a t  t h e  b a s e  
o f  t h e  r a c e m e ;  b r a c t s  4 .5-28 .7  ( p a b  = 1 3 . 5 )  c m  l o n g  a n d  0 . 4 - 3 . 0  
( p a b  = 1.3)cm w i d e ;  p e d u n c l e  3 . 5 - 4 0 . 0  ( p a b  = 1 3 . 9 )  cm l o n g ,  2-10 
(11 = 4.1) mm w i d e ;  u s u a l l y  u n b r a n c h e d ,  b u t  when b r a n c h e d  b e a r i n g  
0  s m a l l e r  c a p i t u l a  i n  a d d i t i o n  t o  t h e  l a r g e  t e r m i n a l  o n e ;  
b r a c t l e t s  1-28  (pab -=  6 . 2 )  p e r  p e d u n c l e ,  1 . 4 - 1 0 . 2  ( u a b  = 4 . 4 )  crn 
l o n g ,  0 . 1 - 0 . 9  ( p a  - 0 . 3 )  c m  w i d e .  C a p i t u l a  1 . 2 - 3 . 5  ( p a b  = 2 . 4 )  
c m  l o n g ,  1 . 2 - 4 . 3  Yp = 2 . 4 )  c m  i n  d i a m e t e r ;  r e c e p t a c l e  c o n i c a l  
o r  c o n v e x ,  0 . 5 - 2 . 3  Tpab = 1 . 3 )  crn i n  d i a m e t e r ;  i n v o l u c r a l  b r a c t s  
a s  n a n y  a s  r a y  f l o r e t s ,  1 -2 .4  ( p a  = 1 . 6 )  cm l o n g ,  1 . 0 - 8 . 0  ( p  = 
3 . 0 )  mm w i d e :  p e r i p h e r a l  r e c e p t a c u ? a r  b r a c t s  31-115 ( p  = 6 0 % ) ;  
i n n e r  r e c e p t a c u l a r  b r a c t s  0-20 ( p a b  = 1 . 3 ) .  0 . 9 - 2 . 5  Pp = 1 . 5 )  
cm l o n g ,  0 .5-2 .0  ( p a b  = 1 . 2 )  mm w i d e .  Ray f l o r e t s  5-39 ( p a b  = 
4 8 . 1 ) ;  t u b e  0 . 3 - 0 . 8  ( = 0 . 5 )  c m  l o n g ,  g l a n d u l a r - p i l o s u l o u s  
a b o v e  a n d  n o n - g l a n d u l a r a b b e l o w ;  l i g u l e  w i n e  r e d  t o  r o s e  p i n k ,  
0 . 6 - 2 . 0  ( p a b  = 1 . 0 )  c m  l o n g ,  0 .2 -0 .6  ( p a b  = 0 . 4 )  cm w i d e ,  2-4 
( p a b  = 2 . 9 )  lobeas-11 ( p  = 7 . 0 )  v e i n e d ;  s t y l e  0 . 4 - 1 . 2  (pa, = 0 . 7 )  
cm l o n g ,  2  b r a n c h e d ,  t k e  b r a n c h e s  a r c u a t e  d e s c e n d i n g  1 -4  ( p a b  = 
2 . 6 )  mm l o n g .  Ray a c h e n e  0 .7 -1 .4  ( p a b  = 1 . 0 )  crn l o n g ,  1 . 5 - 3 . 0  
( u a b = 2 . 0 )  mm w i d e ,  4-7 ( p a b  = 4 . 6 )  r i b b e d ;  p a p p u s  u s u a l l y  a b s e n t ,  
s o m e t i m e s  r e d u c e d .  D i s k  f l o r e t s  47-600 (!Jab = 2 6 9 . 2 ) ,  
f u n n e l f o r m ,  r a r e l y  s u b u r c e o l a t e ,  w i n e  r e d  t o  r o s e  p i n k  a b o v e ,  
g l a n d u l a r  p i l o s u l o u s  a t  t h e  m i d d l e ,  w h i t e - y e l l o w i s h  a n d  
p i ~ o s u ~ o u s  b e l o w ,  0 . 6 - 1 . 1  ( p a b  = 0 . 8 )  Cm l o n g ,  1 . 0 - 2 . 5  (uab  = 
1 . 7 )  mm w i d e ;  s t y l e  0 . 7 - 1 . 2  ( p a b  = 1 . 0 )  c m  l o n g ,  2  b r a n c h e d ,  t h e  
b r a n c h e s  2-4 (uab  = 2 . 8 )  mm l o n g ;  s t a m e n  f i l a m e n t  2-6 ( u a b  = 3 . 3 )  
mm l o n g ;  a n t h e r  2-4 ( p a b  = 3 . 0 )  c m  l o n g ,  d i s k  a c h e n e  0 . 7 - 1 . 5  
(wag = 1 . 0 )  cm l o n g ,  1 . 0 - 3 . 0  ( p a b  = 1 . 9 )  mm w i d e ,  4-8 ( u a b  = 4 . 3 )  
r l  b e d ;  p a p p u s  o f  1 -10  s c a l e s ,  s o m e t i m e s  r e d u c e d  o r  a b s e n t .  
3 A .  A r g y r o x i p h i u m  s a n d w i c e n s e  DC. s s p .  s a n d w i c e n s e  
---- - -- 
A r g y r o p h y t o n  d o u g l a s i i  Hook. Comp. B o t .  May. 2 :  1 6 3 .  
- --
1 8 3 7 ;  f c o n .  P l a n t .  V o l .  1, p t .  3 ,  p l .  7 5 .  1 8 3 7 .  
F i g u r e s  7B,  8B, 9 B  
DESCRIPTION: R o s e t t e  18 -49  ( 3  = 3 0 )  cm h i g h ,  19-80  ( F  = 3 9 )  
cm i n  d i a m e t e r .  L e a v e s  l i n e a r  l a n c e o l a t e  t o  l i n e a r ,  18 -39  ( p  = 
2 6 )  cm l o n g ,  0 . 6 - 1 . 5  (y = 1 . 0 )  cm w i d e  a t  t h e  m i d p o i n t .  Raceme 
s i m p l e  o r  m o r e  f r e q u e n t l y  p a r t i a l l y  p a n i c u l a t e ,  o b l o n g ,  1 . 9 - 2 . 5  
( = 2 . 2 )  m l o n g  i n  u n b r a n c h e d  p l a n t s ,  a n 3  0 .7 -1 .4  ( ?  = 1.1) 
l o n g  i n  b r a n c h e d  p l a n t s ,  16 -29  ( Z  = 2 4 . 4 )  c m  w i d e ,  b e a r i n g  
225-395 ( E  = 3 1 0 )  c a p i t u l a  i n  u n b r a n c h e d  p l a n t s ,  a n d  52-157 (x = 
1 1 6 )  c a p i t u l a  i n  b r a n c h e d  p l a n t s ;  t e r m i n a l  c a p i t u l u m  p r e s e n t  o r  
l a c k i n g ;  s e s s i l e  c a p i t u l a  u s u a l l y  p r e s e n t  a t  t h e  b a s e  o f  r a c e m e ;  
b r a c t s  5 .5 -28 .7  ( = 1 3 . 0 ) ;  p e d u n c l e s  5 .0 -18 .5  (u = 1 1 . 5 )  cm 
l o n g ,  2 .5-5 .0  ( u  = 3 . 5 )  mm w i d e ,  b r a n c h e d  o r  more  o f t e n  
u n b r a n c h e d ;  b r a c t l e t s  2-12 ( u  = 5 . 1 ) .  C a p i t u l a  1 . 2 - 3 . 5  (u = 2 . 4 )  
c m  l o n g ,  1 .2 -3 .2  ( p  = 2 . 1 )  cm i n  d i a m e t e r ;  r e c e p t a c l e  u s u a l l y  
c o n i c a l  o r  less  o f t e n  c o n v e x ,  0 .5-1 .6  (u = 1 . 0 )  cm i n  d i a m e t e r ;  
p e r i p h e r a l  r e c e p t a c u l a r  b r a c t s  31-75 (u = 5 0 . 7 ) .  Ray f l o r e t s  
5-20 ( p  = 1 2 . 5 ) ;  t u b e  0 .3 -0 .6  (p = 0 . 5 )  cm l o n g ;  l i g u l e  w i n e  r e d  
t o  p i n k ,  5-8 ( u  = 6 . 3 )  v e i n e d .  Ray a c h e n e  0 .7 -1 .4  (u = 1 . 0 )  cm 
l o n g .  D i s k  f l o r e t s  47-471 ( p  = 2 1 6 . 3 ) ,  f u n n e l f o r m ;  s t y l e  0 . 7 - 1 . 1  
(11 = 0 . 9 )  cm l o n g ;  s t a m e n  f i l a m e n t  2 .5-6 .0  ( u  = 3 . 5 )  mm l o n g .  
D i s k  a c h e n e  p a p p u s  o f  1-6 sca les  o r  l e s s  o f t e n  a b s e n t .  
TYPE: H a w a i i a n  I s l a n d s ,  H a w a i ' i  I s l a n d ,  c o l l e c t e d  by  J a m e s  
Macrae, J u n e ,  1 8 2 5  (LECTOTYPE: G-DC, m i c r o f i c h e ! ;  ISOTYPE: 
CGE-Lind ley )  . 
SELECTED SPECIMENS EXAMINED: H a w a i i a n  I s l a n d s ,  Hawai' i ,  
Mauna Kea, s o u r c e  o f  W a i l u k u  R i v e r ,  J u n e  1 9 ,  1 9 1 5 ,  F o r b e s  880H 
( B I S H ) ;  o r i g i n  o f  W a i l u k u  d r a i n a g e ,  2800-2866 m a l t . ,  A U ~ .  2 1 ,  
1 9 7 7 ,  M e y r a t ,  J a c o b i ,  E v e n s o n ,  & Stemmermann 2 1 ,  2 2 ,  2 4 ,  2 5  
- ( H A W ) ;  J u l y  1 9 ,  1 9 7 5 ,  M e y r a t ,  Carr ,  & P a l m e r  5 5 Z B ,  56A-B, 57A-B, 
58A-8-C ( H A W )  . 
3 B .  A r g y r o x i p h i u m  s a n d w i c e n s e  DC. ssp.  m a c r o c e p h a l u m  -- comb. n o v .  
e t  s t a t .  n o v .  
A r g y r o x i p h i u m  - m a c r o c e p h a l u m  G a r y  P r o c .  Amer. Acad.  
2 :160.  1 8 5 2 ;  P r o c .  A m e r .  Acad.  5 :114-146.  1 8 6 1 .  
A r g y r o x i p h i u m  s a n d w i c e n s e  v a r .  m a c r o c e p h a l u m  -- Hbd. F 1 .  
H a w .  I s l .  219 .  1 8 8 8 .  
F i g u r e s  7C,  8C,  9C 
DESCRIPTI3N: T a p r o o t  l o n g  a n d  b r a n c h e d  n e a r  t h e  9 r o u n d  
s u r f a c e ;  t h e  woody p o r t i o n  b e l o w  t h e  l e a v e s  r a r e l y  u p  t o  4 0  crn 
l o n g ;  t h e  r o s e t t e  19-67 (E = 3 3 )  crn h i g h ,  37-90 ( Z  = 6 0 . 5 )  cm i n  
d i a m e t e r ,  composed  o f  453-1150 ( Z  = 5 6 3 )  s p i r a l l y  a r r a n g e d  
l e a v e s .  L e a v e s  l i n e a r  t o  l i n e a r - l a n c e o l a t e ,  13 -33  (u = 2 2 . 7 )  cm 
l o n g ,  0 .8 -2 .3  (p = 1 . 4 )  cm w i d e  a t  t h e  m i d p o i n t .  Raceme s i m p l e  
o r  r a r e l y  p a r t i a l l y  p a n i c u l a t e ,  e l l i p t i c  t o  l a n c e o l a t e ,  0 . 7 - 1 . 5  
( R  = 1.1) m l o n g  i n  n o n b r a n c h e d  p l a n t s ,  a n 3  0 .7-1 .0  ( 2  = 0 . 8 )  i n  
b r a n c h e d  p l a n t s ,  23-78 (x = 4 3 . 7 )  cm w i d e ,  b e a r i n g  1 4 5 - 6 3 7  ( 2  = 
2 7 5 )  c a p i t u l a  i n  u n b r a n c h e d  p l a n t s ,  a n d  99-258 ( X  = 1 7 5 )  i n  
b r a n c h e d  p l a n t s ;  t e r m i n a l  c a p i t u l u m  r a r e l y  p r e s e n t ;  s e s s i l e  
c a p i t u l a  v e r y  r a r e l y  p r e s e n t  a t  t h e  b a s e  of r a c e m e ;  b r a c t s  
4 .5-26 .0  ( = 1 4 . 0 )  cm l o n g ,  p e d u n c l e s  3 .5-40 .0  ( u  = 1 6 . 3 )  cm 
l o n g ,  2-10 ( y  = 4 . 7 )  mm w i d e ,  u s u a l l y  u n b r a n c h e d ;  b r a c t l e t s  1 -28  
( i _ l  = 7 . 2 )  p e r  p e d u n c l e .  C a p i t u l a  1 .4 -3 .5  ( p  = 2 . 3 )  cm l o n g ,  
1 . 4 - 4 . 3  ( y  = 2 . 7 )  c m  i n  d i a m e t e r ;  r e c e p t a c l e  c o n v e x  o r  c o n i c a l ,  
0 .8 -2 .3  ( p  = 1 . 6 )  cm i n  d i a m e t e r ;  p e r i p h e r a l  r e c e p t a c u l a r  b r a c t s  
32-115 ( y  = 7 0 . 8 ) .  Ray f l o r e t s  11 -42  ( y  = 2 3 . 6 ) ;  t u b e  0 .3 -0 .8  
( U  = 0 .6 )cm l o n g ,  l i g u l e  w i n e  r e d  t o  r o s e  p i n k ,  5-11 (11 = 7 . 6 )  
v e i n e d .  Ray a c h e n e  0 . 7 - 1 . 1  ( y  = 0 . 9 )  cm l o n g .  D i s k  f l o r e t s  
120-600  ( y  = 3 2 0 )  f u n n e l f o r m ,  r a r e l y  s u b u r c e o l a t e ;  s t y l e  0 .7-1 .2  
(11 = 1 . 0 )  cm l o n g ;  s t a m e n  f i l a m e n t  2-4 (1-1 = 3 . 1 )  mrn l o n g .  ~ i s k  
a c h e n e  p a p p u s  o f  1-10  s ca l e s ,  f r e q u e n t l y  r e d u c e d  o r  s o m e t i m e s  
a b s e n t .  
TYPE: H a l e a k a l a ,  c o l l e c t e d  b y  C h a r l e s  P i c k e r i n g ,  W i l k e s  
E x p e d i t i o n  (U.S .E.E. )  (LECTOTYPE: US, ISOTYPE: G H ) .  
SELECTED SPECIMENS EXAMINED: H a w a i i a n  I s l a n d s ,  Maui  I s l a n d ,  
H a l e a k a l a  C r a t e r ,  S i l v e r s w o r d  Loop ,  Aug. 3 ,  1 9 7 7 ,  M e y r a t ,  C a r r ,  & 
Stemmermann -- 1, 2 ,  3,  4 ( H A W ) ;  S l i d i n g  Sand  T r a i l ,  J u l y  2 1 ,  1 9 7 8 ,  
Me r a t  & Funk 6 0 ,  62A-B, 63A-B, 6 4 ,  65A-B, 66A-B-C-D (HAW). 3-- - -- 
CONCLUSIONS 
T h e  f a c t  t h a t  among 4 5  c h a r a c t e r s ,  t h e  m e a n s  o f  1 8  d i f f e r  
s i g n i f i c a n t l y  ( P  < 0 . 0 5 )  b e t w e e n  t h e  Mauna Kea a n d  H a l e a k a l a  
s i l v e r s w o r i i s  v e r i ? i e s  t h a t  " t h e r e  a r e  e n o u g h  m o r p h o l o g i c a l  
d i f f e r e n c e s  b e t w e e n  t h e m  t o  w a r r a n t  t h e i r  f o r m a l  t a x o n o m i c  
r e c o g n i t i o n , "  a  h y p o t h e s i s  s t a t e d  e a r l i e r .  B a s e d  o n  t h e  n a t u r e  
o f  t h e  d i f f e r e n t i a t i o n  a n d  t h e  g e o g r a p h i c a l  i s o l a t i o n ,  i t  i s  
p r o p o s e d  t o  r e c o g n i z e  t h e m  as two  d i f f e r e n t  s u b s p e c i e s :  3. 
s a n d w i c e n s e  s s p .  s a n d w i c e n s e  a n d  A.  --- s a n d w i c e n s e  s s p .  
m a c r o c e ~ h a 1 u m .  B e c a u s e  t h e  two s u b s p e c i e s  a r e  p o o r l y  
d i f f e r e n t i a t e d  i n  a  q u a l i t a t i v e  s e n s e ,  a n d  b e c a u s e  t h e y  e x h i b i t  
a d j a c e n t  mean v a l u e s  f o r  t h e  l a r g e s t  number  o f  c h a r a c t e r s  o f  t h e  
r e l e v a n t  p a i r w i s e  c o m b i n a t i o n s  o f  p o p u l a t i o n s  i t  a p p e a r s  t h a t  A. 
s a n d w i c e n s e  s s p .  m a c r o c e p h a l u m  is t h e  c l o s e s t  1 i v i n g  r e l a t i v e  o f  
A.  s a n d w i c e n s e  s s p .  s a n d w i c e n s e .  
- - -
T h e  r e s e m b l a n c e  o f  A. k a u e n s e  a n d  A .  s a n d w i c e n s e  s s p .  
s a n d w i c e n s e  - i n  11 o f  1 5  v z c j e t a t i v e a n d  i n f l o r e s b e n c e  c h a r a c t e r s  
s u g g e s t s  a c l o s e  r e l a t i o n s h i p  b e t w e e n  t h e s e  t a x a .  However ,  t h e  
c a p i t u l u m  c h a r a c t e r s  d o  n o t  s u p p o r t  t h i s  r e l a t i o n s h i p .  I n  f a c t ,  
A. k a u e n s e  r e s e m b l e s  A. v i r e s c e n s  v a r .  e a l u d o s a  i n  2 5  o f  30 
- 
c a p i t u l u m c h a r a c t e r s .  IF i s  s u g g e s t e d  t h a t  t h i s  s i t u a t i o n  may b e  
d u e  t o  c o n v e r g e n t  e v o l u t i o n  o f  r e p r o d u c t i v e  f e a t u r e s  a d a p t e d  f o r  
s i m i l a r  r e p r o d u c t i v e  m o d e s  i n  s i m i l a r  e x t r e m e  e n v i r o n m e n t s .  
A l s o ,  t h e  i n t e r m e d i a t e  m o r p h o l o q i c a l  a n d  e c o l o g i c a l  p o s i t i o n  o f  
A. k a u e n s e  s u g g e s t s  t h e  p o s s i b i l i t y  t h a t  h y b r i d i z a t i o n  b e t w e e n  5 .  
- -- 
s a n d w i c e ~  s s p .  s a n d w i c e n s e  a n d  a g r e e n s w o r d  was i n v o l v e d  i n  t h e  
o r i g i n  o f  A. k a u e n s e .  
- -- 
T h e r e  is  a n  i n d i c a t i o n  o f  d i f f e r e n t i a t i o n  be tween  t h e  two 
p o p u l a t i o n s  o f  A. k a u e n s e ,  b e c a u s e  f i v e  p a i r s  o f  c h a r a c t e r  means 
a r e  s i g n i f i c a n t i y  d i f f e r e n t  ( P  ( 0 . 0 5 )  be tween  them. However, 
b e c a u s e  o n l y  a  s i n g l e  c o m p l e t e  i n d i v i d u a l  o f  t h e  Power L i n e  
Kipuka p o p u l a t i o n  h a s  b e e n  e v a l u a t e d ,  more s t u d i e s  a r e  r e q u i r e d  
b e f o r e  f i r m  c o n c l u s i o n s  c a n  b e  drawn.  
I g r a t e f u l l y  a p p r e c i a t e  t h e  a s s i s t a n c e  o f  many p e o p l e  i n  t h e  
p r e p a r a t i o n  o f  t h i s  d i s s e r t a t i o n .  I t h a n k  Dr. C h a r l e s  Lamoureux 
f o r  h i s  encouragemen t ,  s u g g e s t i o n s ,  and a s s i s t a n c e  w i t h  
n o m e n c l a t u r e .  I am a l s o  g r a t e f u l  t o  Dr. C l i f f o r d  Smi th  f o r  h i s  
s u g g e s t i o n s ,  and a s  D i r e c t o r  o f  t h e  C o o p e r a t i v e  P a r k  S t u d i e s  
U n i t ,  U n i v e r s i t y  o f  Hawai i  f o r  f i n a n c i a l  s u p p o r t  (NPS C o n t r a c t  CX 
8000 8 0 0 0 1 )  o f  t h i s  r e s e a r c h .  Thanks a r e  a l s o  d u e  t o  Mr. Hugo 
H u n t z i n g e r  f o r  h i s  s u p p o r t  and a c c e s s  t o  N a t i o n a l  P a r k  S e r v i c e  
f a c i l i t i e s .  I e s p e c i a l l y  e x p r e s s  my t h a n k s  t o  Dr. G e r a l d  C a r r  
f o r  h i s  encouragemen t ,  t a x o n o m i c a l  d i s c u s s i o n s ,  and  e d i t i n g  
a s s i s t a n c e  t h a t  i n t e g r a t e d  h i s  i n v a l u a b l e  g u i d a n c e  i n  t h e  
c o m p l e t i o n  o f  t h i s  work.  
A p p r e c i a t i o n  is e x p r e s s e d  t o  a l l  f e l l o w  b o t a n y  g r a d u a t e  
s t u d e n t s  f o r  t h e i r  h i g h l y  v a l u e d  i n t e r a c t i o n s ,  e s p e c i a l l y  t o  L a n i  
Stemmermann and E v a n g e l i n e  Funk f o r  t h e  company and a s s i s t a n c e  i n  
t h e  f i e l d  t r i p s ,  L inda  Handley  f o r  a s s i s t a n c e  i n  t h e  u s e  o f  t h e  
computer  t e r m i n a l ,  Karen S h i g e m a t s u  f o r  t h e  c o m p l e t i o n  of some 
a r t i s t i c  d r a w i n g s ,  and Gary  Buelow f o r  s u g g e s t i o n s  r e l a t e d  t o  t h e  
g r a p h i c s .  I a l s o  a p p r e c i a t e  and t h a n k  J u n e  S a i t o  and B a r b a r a  
C a r r  f o r  t h e i r  t y p i n g  a s s i s t a n c e  and g e n e r o s i t y .  
The f i n a n c i a l  s u p p o r t  r e c e i v e d  f rom The L a t i n  American 
S c h o l a r s h i p  Program o f  American U n i v e r s i t i e s  and TJn ivers idad  
N a c i o n a l  Autonoma d e  N i c a r a g u a  i s  g r a t e f  u l l y  acknowledged .  
I owe a c o n t i n u i n g  d e b t  o f  g r a t i t u d e  t o  my w i f e  Ime lda  f o r  
h e r  f o r e b e a r a n c e  t h r o u g h o u t  my s t u d y  p e r i o d  and f o r  t h e  a r t i s t i c  
i l l u s t r a t i o n s  p r e p a r e d  by h e r .  
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TABLE 1. P o p u l a t i o n s  o f  ~ r g y r o x i p h i u m  s t u d i e d .  
Taxon L o c a t i o n  
8. kauense  
- -- 
A. kauense  
- 
A. s andwicense  s s p .  
- -- 7 
sandwlcense  
A .  sandwicense  s s p .  
- - 
macrocephalum --- 
A .  v i r e s c e n s  v a r .  
- 
p a l u d o s a  
Kahuku Ranch, Mauna Loa,  c a .  1530 
m e l e v .  
I n  a  k ipuka  e a s t  o f  Power L i n e  
Road, S a d d l e  Road, H a w a i ' i ,  c a .  
1650 m e l e v .  
O r i g i n  o f  Wailuku d r a i n a g e ,  Mauna 
Kea, H a w a i ' i ,  c a .  2 5 5 0  m e l e v .  
H a l e a k a l a  C r a t e r ,  Maui, c a .  
2100-2700 m e l e v .  
Ridge between Kipahulu  and Kuhiwa 
V a l l e y ,  Hana F o r e s t ,  Maui,  c a .  
1650-1900 m e l e v .  
T a b l e  2 .  Number a n d  c o n d i t i o n  o f  samples o f  e a c h  p o p u l a t i o n  o f  
A r g y r o x i p h i u m  a s s e s s e d .  
-- ----------- 
P o p u l a t i o n  
Number o f  Number o f  
F l o w e r  i n g  V e g e t a t i v e  o r  
P l a n t s  D r y  P l a n t s  
1 9 7 7  1 9 7 3  1 9 7 7  1 9 7 3  T o t a l  
4. k a u e n s e ,  Power L i n e  
- 
Kipuks. Bog 
A .  k a u e n s e ,  Kahuku Ranch 
- - 
0  1 0  1 7  1 2 8  
A .  s a n d w i c e n s e  s s p .  
- 
s a n d w i c e n s e  
--- 
A .  s a n d w i c e n s e  s s p .  
- - 
macrocewha lum 
A .  v i r e s c e n s  v a r .  
- 
~ a l u d o s a  
T o t a l s  1 0  39  4 1 7  97 
T a b l e  3 .  L i s t  o f  45  c h a r a c t e r s  a s s e s s e d  i n  i n d i v i d u a l s  o f  f i v e  
p o p u l a t i o n s  o f  A r g y r o x i p h i u m .  
F i e l d  
1. 
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
M e a s u r e m e n t s  
P l a n t  h e i g h t  
R o s e t t e  h e i g h t  
R o s e t t e  w i d t h  
I n f l o r e s c e n c e  l e n g t h  
I n f l o r e s c e n c e  w i d t h  
Number o f  c a p i t u l a  p e r  
i n £  l o r e s c e n c e  
Leaf  l e n g t h  
Leaf  w i d t h  
L a b o r a t o r y  M e a s u r e m e n t s  W i t h o u t  
M a g n i f i c a t i o n  
C a p i t u l u m  l e n g t h  
C a p i t u l u m  d i a m e t e r  
Number o f  r a y  f l o r e t s  p e r  
c a p i t u l u m  
Number o f  d i s k  f l o r e t s  per 
c a p i t u l u m  
P e d u n c l e  l e n g t h  
P e d u n c l e  w i d t h  
B r a c t  l e n g t h  
B r a c t  w i d t h  
Number o f  b r a c t l e t s  p e r  
p e d u n c l e  
1 8 .  B r a c t l e t  l e n g t h  
1 9 .  B r a c t l e t  w i d t h *  
20.  R e c e p t a c l e  d i a m e t e r  
21.  Number o f  p e r i p h e r a l  
r e c e p t a c u l a r  b r a c t s  
22.  Number o f  i n n e r  
r e c e p t a c u l a r  b r a c t s *  
L a b o r a t o r y  M e a s u r e m e n t s  W i t h  
M a g n i f i c a t i o n  
I n v o l u c r a l  b r a c t  l e n g t h  
I n v o l u c r a l  b r a c t  w i d t h *  
I n n e r  r e c e p t a c u l a r  b r a c t  
l e n g t h *  
I n n e r  r e c e p t a c u l a r  b r a c t  
w i d t h *  
L i g u l e  l e n g t h  
L i g u l e  w i d t h  
Ray f l o r e t  t u b e  l e n g t h  
Number o f  l i g u l e  l o b u l e s *  
Number o f  ma in  v e i n s  p e r  
l i g u l e  
Ray f l o r e t  s t y l e  l e n g t h  
Ray f l o r e t  s t y l e  b r a n c h  
l e n g t h  
Ray a c h e n e  l e n g t h  
TABLE 3. - - C o n t i n u e d .  
35 .  Ray a c h e n e  w i d t h  41.  S tamen  f i l a m e n t  l e n g t h  
3 6 .  Number o f  r a y  a c h e n e  r i b s *  4 2 .  A n t h e r  l e n g t h  
37 .  D i s k  f l o r e t  l e n g t h  43 .  D i s k  a c h e n e  l e n g t h  
38 .  D i s k  f l o r e t  w i d t h *  44.  D i s k  a c h e n e  w i d t h  
39 .  D i s k  f l o r e t  s t y l e  l e n t h  45.  Number o f  d i s k  a c h e n e  r i b s *  
4 0 .  D i s k  f l o r e t  s t y l e  b r a n c h  
l e n g t h  
* C h a r a c t e r s  t h a t  d o  n o t  d i f f e r  s i g n i f i c a n t l y  ( P  < 0 . 0 5 )  anong 
p o p u l a t i o n s  o f  4 r g y r o x i p h i u m  - a s  i n d i c a t e d  by t h e  F T e s t  from o n e  
way a n a l y s i s  o f  v a r i a n c e .  
TABLE 4 .  C h a r a c t e r s  t h a t  d i f f e r  s i g n i f i c a n t l y  b e t w e e n  ----- Argyrox iph iu rn  
-- 
s a n d w i c e n s e  s s p .  s a n d w i c e n s e  a n 3  A .  s a n d w i c e n s e  s s p .  
--- --- ---- 
macrocepha lum a s  d e t e r m i n e d  by t h e  F t e s t  f rom one way 
- 
a n a l y s i s  o f  v a r i a n c e .  
C h a r a c t e r  
F D e g r e e s  o f  L e v e l  o f  
C a l c u l a t e d  Freedom S i ; n i f  i c a n c e  
P l a n t  h e i g h t  e x c l u d i n g  
b r a n c h e d  p l a n t s  
R o s e t t e  d i a m e t e r  
I n f l o r e s c e n c e  l e n g t h  
i n c l u d i n q  b r a n c h e d  p l a n t s  
excPud i n g  b r a n c h e d  p l a n t s  
I n f l o r e s c e n c e  w i d t h  
Leaf  l e n g t h  
L e a f  w i d t h  
C a p i t u l u m  d i a m e t e r  
Number o f  r a y  f l o r e t s  p e r  
c a p i t u l u m  
Number o f  d i s k  f l o r e t s  p e r  
c a p i t u l u m  
P e d u n c l e  l e n g t h  
P e d u n c l e  w i d t h  
2 z c e p t a c l e  d i a m e t e r  
Number o f  p e r i p h e r a l  
r e c e p t a c u l a r  b r a c t s  p e r  
c a p i t u l u m  
Number o f  main  v e i n s  p e r  
1 i g u l  e 
TABLE 4 . - - C o n t i n u e d .  
C h a r a c t e r  
F D e g r e e s  o f  L e v e l  of 
C a l c u l a t e d  Freedom S i g n i f i c a n c e  
Ray a c h e n e  l e n g t h  7 .4286  1, 44 * *  
D i s k  f l o r e t  s t y l e  l e n g t h  2 . 7 4 0 3  1, 44 * 
S t a m e n  f i l a m e n t  l e n g t h  8 . 0 9 6 3  1, 44 * *  
NOTE: * = p r o b a b i l i t y  o f  l a r g e r  F v a l u e  i s  l o w e r  t h a n  0 . 0 5  b u t  
h i g h e r  t h a n  0 . 0 1 ,  * *  = p r o b a b i l i t y  o f  l a r g e r  F v a l u e  is  l o w e r  t h a n  
0 . 0 1  b u t  h i g h e r  t h a n  0 . 0 0 1 ,  * * *  = p r o b a b i l i t y  o f  l a r g e r  F v a l u e  is  
l o w e r  t h a n  0 . 0 0 1 .  
T A B L E  5 .  C h a r a c t e r s  e x h i b i t i n g  s i g n i f i c a n t l y  r3if f e r e n t  m e a n s  atnong 
f i v e  p o p u l a t i o n s  o f  ~ r g y r o x i p h i u m  a s  d e t e r m i n e d  b y  D u n c a n ' s  
new m u l t i p l e  r a n g e  t e s t .  
Clharac t e r  Means o f  P o p u l a t i o n s  
R o s e t t e  h e i g h t  (cm) 
R o s e t t e  d i a m e t e r  (cm) 
I n f l o r e s c e n c e  w i d t h  ( c m )  
2 8 . 6  2 9 . 5  2 9 . 8  3 3 . 1  4 5 . 5  
- 
K 2  K 1  SS- SM V P  
Number o f  c a p i t u l a  p e r  r a c e m e  
i n c l u d i n g  b r a n c h e d  p l a n t s  1 3 5 . 2  1 7 1 . 7  1 9 3 . 4  2 6 5 . 2  2 6 8 . 0  
VP K 1  S S  SM K 2  
o x c l u d  i n 3  b r a n c h e d  p l a n t s  1 3 5 . 2  1.71.7 2 6 5 . 0  2 7 4 . 9  3 1 0 . 0  
VP K 1  K2 SM SS 
L e a f  l e n g t h  (cm) 
Number o f  r a y  f l o r e t s  p e r  
c a p i t u l u m  
Number o f  d i s k  f l o r e t s  p e r  
c a p i t u l u m  1 4 2 . 8  1 4 4 . 6  1 5 5 . 4  2 1 6 . 3  3 2 0 . 1  
K S  K 1  VP SS SM 
P e d u n c l e  l e n g t h  (cm) 
T A S L E  5.--Continued. 
Character  Means of Popula t ions  
Bract  l e n g t h  (cm) 
Number o f  b r a c t l e t s  per peduncle 2 . 0  2 . 4  2 . 7  4 . 2  4 .6  
K 1  K 2  VP S S  
- - 
SM 
Number o f  p e r i p h e r a l  r ecep t acu l2 r  
b r a c t s  per capi tu lum 3 1 . 7  3 6 . 0  4 1 . 2  5 0 . 7  7 0 . 8  
VP K 2  K l  SS SM 
NOTE:  Any two means underscored by t h e  same l i n e  a r e  not  
s i g n i f i c a n t l y  d i f f e r e n t .  Any two means no t  underscored by the same 
l i n e  a r e  s i g n i f i c a n t l y  d i f f e r e n t ;  VP = A .  v i r e s c e n s  v a r .  
- --
paludosa ,  SM = 4. sandwicense s sp .  macrocephalum, SS = 4.  
pep- - -- 
sandwicense s sp .  sandwicense,  K 1  = A .  kauense from power Line 
K i p u k a  boq, K2 = 9. kauense from ~ a E u k u  Ranch. 
TABLE 6 .  C h a r a c t e r s  t h a t  d i f f e r  s i g n i f i c a n t l y  b e t w e e n  t h e  two 
p o p u l a t i o n s  o f  A r g y r o x i e h i u m  --- k a u e n s c  a s  d e t e r m i n e d  by t h e  F 
t e s t  f r o m  o n e  way a n a l y s i s  o f  v a r i a n c e .  
F D e g r e e  o f  L e v e l  of 
C h a r a c t e r  C a l c u l a t e d  Fr e e d o n  S i g n i f i c a n c e  
---. ------- --4- ----- 
P l a n t  l e n g t h  1 6 . 6 6 1 6  1, 62 * * *  
L e a f  w i d t h  1 0 . 1 6 1 3  1, 7 3  * * *  
I n f l o r e s c e n c e  l e n g t h  4 . 7 8 7 3  1, 6 1  * 
Number o f  e a p i t u l a  p e r  r a c e m e  4 . 5 5 7 4  1,  54 * 
I n v o l u c r a l  b r a c t  l e n g t h  5 . 6 1 2 2  1, 44 * 
NOTE:  * = p r o b a b i l i t y  o f  l a r g e r  F v a l u e  is  l o w e r  t h a n  0 . 0 5  b u t  
h i g h e r  t h a n  0 . 0 1 ,  * * *  = - p r o b a b i l i t y  o f  l a r g e r  F v a l u e  i s  l o w e r  t h a n  
3 . 0 0 1 .  
TABLE 7.  Number of occur rences  of  a d j a c e n t  mean va lues  of 4 5  
c h a r a c t e r s  i n  each p o s s i b l e  conbina t ion  of two popu la t i ons  
of Argyroxiphium. 
Vege ta t i ve  an3 
In f lo re scence  
Popula t ions  Charac te rs  
Compared Tota l  = 1 5  
Capitulum A1 1 
Charac t e r s  Cha rac t e r s  
Tot31 = 3 0  T3 ta l  = 4 5  
V P  and SY 9 4 13 
V P  and SS 7 8 15 
V P  and K 2  5 2 5 3 0 
S M  and SS 11 2 5  3 9  
SM and X 2  3 1 0  1 3  
SS and K 2  1 0  11 2 1 
NOTE:  VP = A .  v i r e s c e n s  v a r .  paludosa;  SM = A .  
- - - 
sandwicense s s p .  macrocephalum; SS = A .  sandwicense s s p .  
--.- 
sandwicense; K 2  = A .  kauense,  from ~ a E u k u  Ranch. 
-- - 
FIGURE 1. The relationship between rosette diameter and leaf 
length in Argyroxiphium as indicated by data from four 
taxa. Open circles, A. virescens var. paludosa; stars, 
- 
A. kauense; open squares, A. sandwicense ssp. 
- -- 
macrocephalum; - solid squares,A.ense - -- ssp. 
sandwicense. 
FIGURE 2. The relationship between inflorescence width and 
peduncle length in Argyroxiphium as indicated by data 
from four taxa. Symbols explained in Figure 1. 
A l l  t a x a  
R o s e t t e  D i a m e t e r  ( c m )  
A l l  t a x a  
h 30 Y1 = - 1 7.5 8 + 3.8 9 Y2 
E r  = 0 . 7 1 0 7  
I n f l o r e s c e n c e  W i d t h  ( c m )  
FIGURE 3. The relationship between number of ray florets per 
capitulum and capitulum diameter in the genus 
Argyroxiphium, and within infrageneric taxa. VP, 
A. - virescens var. paludosa; K2, A. kauense; SM, 
- -- 
A. - sandwicense ssp. macrocephalum; SS, A. - sandwicense -- 
ssp. sandwicense. 
--- 
FIGURE 4. The relationship between leaf lenqth and leaf width 
in the genus Argyroxiphium, - and within infrageneric 
taxa. Abbreviations explained in Figure 3. 
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0  
K 2  .-. . 
Yl=-18 r =  0 . 0 6 9 6  2 . 7 3 + 1  29 .86Y2  
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r  = 0.9092 
1 I 1 1 I n =  4 8  I 
0 5  10  1 5  2  0  2  5  3  0  3  5  
N u m b e r  o f  R a y  F l o r e t s  p e r  C a p i t u l u m  
FIGURE 5. The relationship between inflorescence length and 
inflorescence width in the genus Argyroxiphium, and 
within infrageneric taxa. VP, A. virescens var. 
aludosa; K2, A. kauense; SM, AT sandwicense ssp. 
- 
~acrocephalwn; SS, A. - sandwicense ssp. -- sandwicense. 
FIGURE 6. Scatter diagram of the relationship among inflorescence 
1ength:width ratio, leaf 1ength:width ratio, and number 
of ray florets per capitulum of infrageneric taxa of 
Argyroxiphium. Symbols as in Figure 5. 
A l l  t a x a  I' I' Y1 = 1.1 8  - 0.0 1 Y2 
r = - 0.01 31 d s M -.-. 
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i n= 3  0  
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V P--- . i 
Y1= 0 .18  + 0 .0  1 Y2 i i 
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I n f l o r e s c e n c e  L e n g t h : W i d t h  R a t i o  
FIGURE 7. Leaves of three taxa of Argyroxiphiurn. A, A. kauense; 
B, A. sandwicense ssp. sandwicense; C, A. sandwicense 
- 
ssp. macrocephalum. Note proportions and shapes. 
Reduced to ca. 57-26. 
FIGURE 8. Capitulum and peduncle features of three taxa of 
Arqyroxiphium. A, A. kauense; B, A. sandwicense ssp. 
- - 
sandwicense; C, A. sandwicense ssp. macrocephalum. 
-, 
compare number 07 ray florets, capitulum diameter and 
peduncle length. Reduced to 1/4. 

FIGURE 9. Habit of three taxa of Argyroxiphium. A, A. kauense; 
B, A. sandwicense ssp. sandwicense; C, A. sandwicense 
- 
ssp. macrocephalurn. Note inflorescence-proportions 
and shape. Reduced to 1/25. 
